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FOREWORD
 
This report has been prepared in accordance with requirements
 
of Contract JPL 953058 to present a description of a computer
 
program resulting from a four-month development effort performed
 
for the Jet Propulsion Laboratory by the Martin Marietta Corpora­
tion, Denver Division. The report is submitted in two volumes.
 
Volume I is a description of the program and its operation, Volume
 
II contains the appendixes, which include sample data cases to aid
 
initial input setup and program checkout.
 
lnis work was p-rfetrmed fr ,N! kt Propulsion Laboratory, 
California sqonsored by theT_-. 
National A, :,c and Space Administrtdonu-te 
Contract NASZ-OQ. 
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1. INTRODUCTION
 
This report is a description of"'Thd Outer Planet Data Pre­
sentation Computer Program." 'The program provides visibility in­
to the acquisition bf science data for alternate missions;- i.e.,
 
it could be termed a "Prefllight Science Mission Performance Pro­
gram." The objectives of the computer program were to provide a
 
user with the capability to rapidly evaluate and manipulate mis­
sion variables, which include options on:
 
o Instrument characteristics; 
* Instrument pointing and scan;
 
* Spacecraft;
 
o Data sample rate;
 
o Flyby and orbiter trajectories;
 
* Natural satellites.
 
Even though these numerous options were established for flexible
 
__performance analyses, ease of operation was specified to be of
 
primary importance. Thus, liberal use was made of built-in mis­
sion variable data (which can be overridden), minimum number of
 
mandatory inputs, multiple cases per submittal, and graphic plus
 
tabular data presentation,
 
The program concept originated from the "1975 Venus Mul-tiprobe
 
Mission Study" performed under JPL Contract 952534 in early 1970.
 
This study used "science value functions" to aid in properly allo­
cating mission resources between competitive.instruments, descent,
 
profiles, planet targeting, and number and configuration of entry
 
probes. For the present purpose the broader mission objectives,
 
mission mode variables and multiple encounters make a subjective
 
value function more difficult to achieve. An alternative,con­
ceptual approach envisioned the development of summary,science
 
data returned from an entire multiple planet/instrument mission.
 
The first step in this approach is to develop a core program that
 
presents the general mission geometry and instrument data return.
 
The essence of this core program is to provide simple parametric
 
input with proper modeling to enable the user to compare instru­
ments, trajectories, and systems through relevant quantitative
 
data. This became the design criteria for the program described
 
herein.
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To accomplish the above, the scope of the development was de­
or core)
fined to include construction of the EXECUTIVE (main 

routine, geometry presentation, TV system modeling, and other in-

The approach consisted of using a
struments as time allowed. 

series of existing JPL "building blocks" and programming in the
 
The use of
 common UNIVAC-1108/CDC-6500 computer language area. 

the building blocks results in a program that has much of its
 
'apabilitybeing continuously maintained,.,used, and 'improved by
 
These building
JPL in conjunction with other associated efforts. 

blocks consist of approximately 70 subroutines, operational on
 
the JPL UNIVAC computer, and are used for vector manipulation,
 
trajectory generation, natural satellite ephemerides, plotting,
 
and other basic data manipulations.
 
The program was developed on Martin Marietta's CDC 6500 com-

Thus, the common areas in the CDC-6500 UNIVAC-IIU8 language
puter. 

were used to minimize conversion to the JPL machine (Section 3.3).
 
The program is described herein in terms of summary, general
 
overview, flow diagrams, symbol dictionary, operating procedures,
 
and sample cases' Management's interest would most probably in­
clude the Introduction, Summary, and the first part of Program
 
Description (Sections 1, 2, 3, and 3.1). These portions of the
 
report yield a general knowledge with the program and its purpose,
 
application, flexibilities, and limitations. The user, at a mini­
mum, should add Model Operating Procedures (Section 5.0), and
 
Appendix A, Volume II. The remaining sections deal with in-depth
 
details and are recommended for the computer-oriented user and
 
programming analyst.
 
Special.recognition is given to the Martin Marietta personnel
 
listed below for their contributions to the development of the
 
program and program documentation.
 
Bargar, A. Stotfel, R.
 
Bullard, S. Swain, D.
 
Bynum, M. Vairin, C.
 
Carney, P. Ziehm, R.
 
Hanson, B. Froechtenigt, J.
 
Howard, E.
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2. SUMMARY'
 
The program contains three major sections of responsibility
 
and one support area, as shown below.
 
The MAIN section governs the total overview and logic flow through
 
the program, i.e., spacecraft, system, instrument, and program con­
trol options. MAIN uses the data provided by INPUT for control
 
and initialization, the LIBRARY of subroutines for performing the
 
calculations, and the OUTPUT section for data presentation.
 
The program is basically for near planet operations (within
 
a planet's sphere of influence). Thus, the trajec ory data are
 
obtained via the JPL subroutine ORBIT, a conic propagator. The
 
natural satellite data are supplied from the JPL subroutines
 
JOVSAT, SATSAT, NEPSAT, and URASAT for.Jupiter, Saturn, Neptune,
 
and Uranus, respectively. This enables rapid calculation of
 
geometric parameters for flyby or orbiter type missions. The
 
program is capable of processing, with a,single input to the com­
puter, multiple encounters; alternate orbits, insttument changes,
 
etc.
 
To ensure ease of familiarization and use, numerous canned (or
 
default) values were built into the program. The canned values
 
are used by the program if values are not specified by the user;
 
i.e., built in input is used' by default. It is suggested that
 
this capability, in conjunction with the minimum input option,
 
be used as a first run to initialize the program. A small number
 
of runs with additional inputs enable the user to rapidly become
 
familiar with the program options, input, and output.
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The minimum input option consists of those mandatory inputs
 
that must be specified by the user to operate the program and
 
obtain output. The total number of mandatory inputs is 13; nine
 
data, and four "flags." The inputs are as follows:
 
INPUT CODE
 
NUMBER INPUT DEFINITION UNITS 
02 Planet number of interest 
04 Encounter time Yr/Mo/Day 
06 Flag to specify trajectory -­
input vector
 
07 Trajectory data input JOption
 
12+ Dependent
 
23 Instrument type desired -­
96 Multiple case indicator -­
98 End of data case flag -­
99 Flag to terminate run --
With.the previous minimum input'run in mind, the following
 
options are available through simple flags (alternate values in
 
identical input code numbers) and input data:­
1) Spacecraft Identification Options
 
* 	TOPS - Earth oriented;
 
o 	TOPS - Sun oriented;
 
* 	PIONEER - Spin stabilized.
 
2) Instrument Pointing Options ­
* 	Alignment with the radius vector (with automatic
 
repositioning, when the radius vector falls be­
hind the terminator, to the center of the lit
 
crescent);
 
* 	Instrument pointing varied by input cone and
 
clock angles for each measurement.
 
3) Measurement Timing Options ­
* 	Linearly spaced intervals set by time between
 
measurements, and a start and stop time;
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* 	Interval determined by the cube of the time
 
from encounter;
 
o 	Timing determined by user's input time for
 
cone and clock angles.
 
4) Output Intervals ­
0 	 Plotting can be output for each measurement 
or for specified measurement increments; 
o 	Printing can be output for each measurement
 
or for specified measurement increments, and
 
does not have to be equal to the plot increments.
 
5) Programmed Instrument Options ­
" 	Canned values for the characteristics of six
 
different TV systems are included;
 
* 	Canned values for the characteristics of a
 
magnetometer and magnetic fields of Jupiter
 
and Saturn are included;
 
* 	User inputs are available for definition of TV
 
and magnetic field;
 
* 	Inputs are also available to define magnetic
 
pole vector, bow shock, and magnetopause.
 
-
6) Trajectory Data Input 

o 	Encounter :may be either a calendar date or a
 
modified Julian date;
 
0 	Trajectory elements can be input as a classical
 
set, in terms of the arrival asymptote, or in
 
terms of the velocity and position vector at
 
enqounter;
 
o 	Orbit variations.
 
Several options include multiple canned variables, e.g., space­
craft identification and TV systems.
 
The output, as indicated previously, consists of both tabular
 
(Table 2-1) and graphic (Table 2-2) displays.. The tabular data
 
consists of the following three categories:
 
* 	One time per case;
 
* 	If required;
 
* 	Case results.
 
2-3
 
MCR-71-181 
Table 2-1 Output Tables
 
1. Input data listing
 
1. XZ (I) values in storage
 
1. Instrument characteristics
 
1. Planet data
 
1. Computations for minimum picture taking interval
 
1. Picture number and time
 
2. Exposure time check and reset
 
3. Picture taking parameters and quality
 
3. Satellite view data
 
3. Resolution data for satellites
 
3. Smear data for satellites
 
Note: 1. Printed one time per case
 
2. Prir-ted if required
 
3. Printed at specified time increments
 
Table 2-2 Graphic Output
 
* Planet and satellite orbits, spacecraft flight path, and
 
vectors to Earth and sun (A)
 
40 Flight path around planet (A)
 
,e Magnetic field
 
Cone and clock,angles of magnetic flux vectors (F)
 
* Field of view versus time (planet and satellite) (T)
 
* Path of planet in spacecraft cone and clock coordinates (size 
and orientation as seen from S/C)' (0) 
:0 Picture resolution at center for (planet, satellite) (0) 
e Smear due tospacecraft and target motions (number of pixels 
smeared) (0) 
,.G Number of pictures versus resolution level (0) 
?a Range from satellite versus time 
Phase, cone, and clock angles of satellite versus time (0) 
,7O Earth-satellite-spacecraft angle versus time 
Satellite full angle versus time (0) 
00 Range to planet and satellite versus time (0)
 
0 Planet phase, cone, and clock angle versus time (0)
 
-0 Satellite phase, cone, and clock angle versus time (0)
 
A -An instrument T - TV only
 
F - Fields and particles only 0 - Optional
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When the instrument is a TV camera approximately 20 values of the
 
instrument characteristics and the minimum picture taking intervals
 
comprise the data that are calculated in the program instrument and
 
spacecraft data system modeling. The "If Required" tabular print
 
occurs when the TV EXPOSURE and EXPOSURE-TIME are adjusted; the
 
checking and adjustments are accomplished automatically, and the
 
event is printed. The user specifies a desired imaging sample rate,
 
and the program performs the following tests and adjusts the sample
 
rate to the maximum permissible if the tests fail:
 
* 	Compares a bit rate requirement versus combination of
 
bulk storage and bit rate capability;
 
* 	Compares desired sample rate versus minimum camera
 
frame read time;
 
* 	If it is a spinning spacecraft, desired sample rate is
 
compared with rotational rate.
 
Any required adjustments in the sample rate are printed when they
 
occur and an accumulated number of changes'are indicated.
 
Again for the TV instrument the "Case Results," in general,
 
conform to the plotted data in digital format except for a small
 
number of instrument system parameters such as:
 
* 	Exposure Time for Camera (millisec);
 
* 	Power Density at Lens (ergs/sq-cm/sec);
 
a 	Power Density on Sensor (ergs/sq-cm/sec);
 
* 	Exposure (ergs/sq cm).
 
The Case Results are best illustrated by the graphic data.
 
Since all uses of data could not be included, some examples ate
 
discussed in both the geometry and data return areas.
 
Figure 2-1 illustrates the general encounter overview of
 
Jupiter from a typical 1977 Earth-Jupiter-Saturn-Pluto mission.
 
The "ticks" on the trajectory and satellite orbit plots are 1
 
hour apart. The satellite names are printed when.the trajectory
 
is 	at its lowest altitude with respect to Jupiter. Thus, at
 
least thF following can be gleaned from this single picture:
 
* 	Relative time and distance spent at near encounter;
 
o 	Potential satellite encounters;
 
* 	Potential simultaneous satellite/planet imaging;
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* Potential satellite occultations;
 
* Time spent in possible planet occultation.
 
2Q 
....... : \
 
4.U. 
..........
... 
..................
 
Fig. 2-1 Jupiter Encounter
 
Figure 2-2 illustrates a Uranus encounter that emphasizes
 
the ecliptic inclination of the rotational axis, and the dif­
ficulty in establishing multiple satellite encounters. Figure
 
2-3, cone and clock angles versus time (which can be correlated
 
with tab output) is associated with the-.previous Jupiter en­
counter. The satellite (Europa) was called as a special option.
 
Thus, one can see the similarit-y--in the required scan platform
 
commands. This type of figure can also be used to define desired
 
scan platform limits, determine the effect of specific platform
 
limits, or define scan rates. Figure 2-4 indicates the relative
 
size of the satellite disk to the 1 degree field of view on the
 
planet. Figure 2-5 clearly demonstrates the closest approach to
 
the satellites of Jupiter.
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Figure 2-6 illustrates the number of pictures taken with a
 
resolution greater than three reference values. Direct compari­
sons between trajectories, spacecraft systems, and TV systems can
 
be made with this summary plot. Figures 2-7 and 2-8 display the
 
resolution versus time for the primary planet and satellites.
 
Timing sequences can be made and trajectory comparisons and mis­
sion mode tradeoffs can be evaluated, Figure 2-9 indicates mul­
tiple spacecraft capability comparisons through overlays. The
 
spinning spacecraft system yields 135 pictures with resolution
 
greater than 300 km, and the TOPS' spacecraft yields 19,200 pic­
tures with resolution greater than 300 km. The maximum planet
 
and satellite resolution is an order of magnitude greater on TOPS'
 
than with the spinning spacecraft system. Figure 2-10 contains a
 
view of the trajectory with respect to bow shock and magnetopause.
 
The characteristics of these two phenomena can be altered by input.
 
The trajectory time "ticks" are 1 hour apart, which can be used
 
for timing evaluations. Figures 2-11 and 2-12 are the cone and
 
clock angles of the magnetic flux vector, which can be used to
 
develop or evaluate particle.pointing requirements versus time
 
and trajectory. Figure 2-13 shows the surface field strength
 
detectability of a user-specified instrument, which is a parameter
 
that can be used in various direct tradeoffs.
 
With the general concept in mind, the following improvements
 
are suggested:
 
1) Expanded Imaging Data ­
* Planet coverage (fraction of planet covered 
with resolutions better than 300, 100, 50, 
10 km per pixel); 
* Number of pictures of specified features (e.g., 
red spot, latitude bands) with resolutions 
better than 300, 100, 50, 10 kin; 
" Required scan sequence to track satellites 
when resolution is better than X km. 
2) Add a full complement of instruments; 
3) Construct a bookkeeping data system; 
4) Power requirement bookkeeping; 
5) Add an outer loop for summarizing multiple case data; 
6) Develop probe trajectory capability with attendant 
data link; 
2-9
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Fig. 2-10 Bow Shock and Magnetopause
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7) 	Expand instrument design capability;
 
8) 	Incorporate iterative loop for maximizing desired
 
parameters through alternate trajectories and/or
 
instrument characteristics;
 
9) 	Incorporate a more accurate trajectory propagator
 
for selected usage,
 
In conclusion, the program represents a powerful tool. How­
ever, it represents a small step in automating the "Science Mis­
sion Performance" evaluation capability.
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3. PROGRAM DESCRIPTION
 
The Outer Planet Data Presentation Computer Program consists
 
of an executive driver program (MAIN) and some 105 subroutines
 
that perform many different functions. Some of the subroutines
 
perform specific calculations dealing with a given science in­
strument; others are vector manipulators; several produce one or
 
more plotted outputs; two are concerned with the reading of input
 
cards and the tabulation of output data (Section 6). This sec­
tion describes how these many subprograms fit together.
 
The primary function of the model is to display, in graphic 
and tabular form, the science data return that can be expected 
from a given instrument when carried past a planet by a spacecraft 
on a particular orbit or trajectory. This display provides a 
measure of the data's quantity, as well as its quality. In ad­
dition, a limited number of design parameters are computed, such 
as TV exposure times and lens f/stop. Table 3-1 shows the re­
lationship between the inputs, the program subroutines, and the 
various outputs.
 
3.1 General Program Logic (Overview) - The model may be divided 
into three sections. In the first section, the model is initial­
ized, input data is read in, a trajectory overview is plotted, 
and a timing sequence for the measurements to be taken by the 
instrument is determined. The second section performs the cal­
culations, plots, or data tabulations associated with each 
measurement of interest; the third section provides summary out­
put plots of the calculations already performed.
 
Figure 3-1 displays these functions in a slightly more de­
tailed fashion. As shown by the figure, the route through the 
model is prescribed by the type of instrument carried by the 
spacecraft, and five alternatives are shown whereas there are
 
several other obvious instrument possibilities. During the course 
of the contract, the effort was directed toward a rather complete
 
treatment of the TV imaging instrument. It was the intention 
during the contract to provide the capability of adding other
 
instruments in future developments.
 
Block 1 (Initialize Program) rewinds the output tapes and sets 
counters to zero. Block 2 (Read Input Data) reads the mission
 
input data (Section 5).
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Table 3-1 Simplified Block Diagram of Presentation Model Operation
 
DATA PRESENTATION MODEL 	 OUTPUT DATA
INPUT DATA 

Planet Number
 
O Specified Satellite Number S Executive Driver - MAIN 0 Tabulation of Input Data
 
0 Instrument Characteristics 0 Plots and Tabulations Rel­* Encounter Date 

ative to Individual
and Properties Routines 

* Instrument Characteristics 	 Measurements
 
* Planet, Satellite, and Space-

Model Operation Flags and Intervals - craft, Position Subroutines 0 Plots Showing Overview 
Instrument Pointing Mode; Q Vector Utility Subroutines 0 Plots Summarizing Expected 
Instrument Data Param-Measurements Start and Stop Times;
Measurements pert alcuatop ; o Plotting Subroutines eters versus Mission Time 
Measurements per Calculation; C Tabulation Subroutines 
Calculations per Plot;
 
U, 	 Calculations per Printout; 
Planet/Satellite Run Flag; 
Minimum Switch Range;
 
Inhibit Switch to Satellite
 
Start and Stop Times;
 
Summary Plot Flags.
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I Initialize Program ­
2 [Read Input Data
 
None TV FP IR UV
 
3 Translate Input Data Into Instrument
 
Characteristics Array

1 
4 Convert Input Date
 
Transform Input Orbital Elements
 
5 to Standard Classical Ones 

-
6 	 Plot Overview of Spacecraft Trajectory
 
For Par tls Yes 7 Plot MagneticFil,
 
roin'P't'r~ticleMagnetopause&Bo
 
oFilsShoc k
 
8 Generate Time Sequence]ZIS
 
Fi[7nd 	Sun, Earth, Planet, Satellite
 
and Spacecraft Positions
 
Fig. 3-1 Simplified Program Logic (Overview)
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10
 
Calculate Various Vector Relationships
 
R 1Wv
No T 

Inst1
 
T
? No 
12 Calculate:
 
Image Resolution
 
Image Smear
 
Acceptable Pictures
 
13 calculate: Range, Cone, Clock
 
and Phase Angles
 
Printoutoe 
-'- tData"--<. Yes InstrumentPrn Flag 

No
 
SIncrement 
Counters
 
-isNo 
the/Calculation 
Yes
 
Fig. 3-1 (cont)
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Once the input data has been read, the next set of functions
 
is indicated by Block 3, which translates a given portion of the 
with regard to theinput or canned numbers into specific meanings 
mission's instrument. For example, input card 36 with a value of 
XZ(36) is translated to a variable P(6), which is the focal length 
of the TV lens or is the magnetopause range if the instrument is 
measuring fields. 
Block 4 converts the input calendar date into a Julian date,
 
while Block 5 provides manipulations to convert the input tra­
(cards 07 through 12) into a classical set, whichjectory elements 
of the axis, rectum, the argumentconsists semimajor the semilatus 
of the ascending node, the longitude of periapsis, the inclination 
of the orbit, and the orbit eccentricity. 
In Block 6, the relationship of the spacecraft trajectory, the
 
position of the planet's satellites, the direction of the sun
 
(marked with a 7), the direction of the Earth (marked with a 6),
 
and the antiperiapsis direction (marked with a 2) can be seen.
 
The position of each satellite at the time of the spacecraft's
 
periapsis is marked with the name of the satellite, which enables
 
tracing the relative hourly positions of the spacecraft and
 
satellite. Similarly, when the instrument measures particles or
 
fields, the orbital position of the spacecraft is plotted with
 
respect to the planet's magnetic lines of force, and a second plot
 
shows spacecraft position with'respect to the planet's magneto­
pause and bow shock line. These plots are shown in Block 7.
 
In Block 8, the time sequence for the measurements conducted
 
by the instrument is generated. This sequence can take three
 
forms: a linear one dictated by the inputs of start, stop, and
 
delta time for the instrument; a time sequence that provides an
 
optimum plot of the cone and clock angles of the planet during
 
user.encounter; or a set of measurement times- input by the 
Starting with Block 9 and extending through Block 14, the 
are performed with regard to
calculations, printouts, and rlots 

a specific measurement of the instrument and correspond to one
 
of the sequence times generated in Block S. Block 9 calculates
 
space-,many vector relationshfps between the sun, Earth; planet, 
craft, instrument pointing, and the various satellites of the
 
planet, which are used in other portions of the program. 
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The program then takes one of the five possible paths that are
 
instrument dependent. In the case of TV, the flow is to Block 11
 
with the plot flag equal to 1, as it will every Nth calculation
 
N being an optional input. With no input, N is set to 1 and Block
 
11, which plots the view as seen by the TV, is entered on each,
 
calculation.
 
Block 12 contains the subroutines required to calculate the
 
resolution of the image, the image smear, and the number of pictures
 
that have a resolution better than four input levels. The results
 
of these calculations are sequentially stored on tapes for later
 
readout, to produce summary typeplots. In Block 13, further geo-­
metric parame'ters describing the range and angular relationships
 
of the planet and its satellites are stored on tape.
 
When the print flag equals 1 (every M calculation), suitable
 
output data are tabulated for that measurement (Block 14). With
 
this tabulation, the program returns to statement number 5 to
 
consider the next measurement.
 
When all measurements have been processed, the.program is
 
governed by an input six digit number stored by card 90-. When no
 
card 90 is read, all six digits are set to zero by default and no
 
further plotting is accomplished. If any of the digits are set
 
to 1 by card 90, the plotting Blocks 15 through 20 are called on
 
to produce the desired plots, as shown below:
 
L O-*Plot planet cone and clock angle posi­
tion in Block 15
 
Plot TV resolution plots (Block 16)
 
Plot TV image smear plots (Block 17)
 
--- Plot number of pictures having resolutions better
 
than four levels
 
-- Plot range, cone, clock, phase, and half angles for
 
eight possible satellites as well as time to switch
 
-- Plot range, cone, clock and phase angles to planet and
 
specified satellite.
 
After the last summary plot is completed, the program terminates
 
or recycles with new data (as indicated in Block 21 and governed by
 
input cards 96, 98, and 99).
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3.2 MAIN Program Logic and Flow Diagram - MAIN calls for the
 
basic set of input data to be entered into computer storage. It
 
then manipulates the main thread of the calculations by calling
 
up other subroutines as required to obtain a complete set of data
 
points, which are then stored on tapes, to be used in generating
 
plots and output tables.
 
Table 3-2 presents the MAIN Fortran statements; Figure 3-2
 
presents the MAIN logic flow. Since MAIN calls other subroutines
 
to perform various calculations, a brief statement of the opera­
tion performed by the called subroutine is contained in the figure.
 
In many cases a subroutine called by MAIN will call other sub­
routines. The flow diagram illustrates second and third levels
 
of subroutine operations.
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Table 3-2 MAIN Subroutine Source Listing
 
PROGRAM MAIN(IN PUT9 OUTPUTFILHPL#TrPE9=INPUTTAPE6GOUTPUTTAPE7,
 
'TAPE8,TAPE9TAPEiOgTAPEl±±TAPE2)
 
C
 
C 
 MAIN-2
C 
COMMON/HEDING/TITLE(13)
 
COMMON/CHARLIE/NCODEvNREC ,IPIVSNSCIFLSTNCB
 
REAL JOE(3),JOV
 
COMMON/JOAYS/JDVTT

COMMON /PLGONS/GMSvGMPL(12). RSIRPL(12} SNAME(2)vPLNAME(2912)9

X SRV(3)gPLPV(3,±2),SVE(3)9 PLVE(39,2),SRQT9 PLROT(2),SOBLPLOBL(±2)

COMNON/REVER/ROTW{3)
 
COtMON/CHARAC/P(60)
 
COMMON/FOROUT/DU*YI(±3),IPCNDUMNYC(6)
 
COMNON/CELEST/C(3),S (3),SN(3)

COMNON/STUFF/XN(3), OUtMF(±10)
 
COMMON/STUFI/XSAT(3)
 
COMMON/GEOM/XE(3),Xp(3)

COHMON/CAM/CCONE(CO0),CCLOCK(200)
 
COMMON/TEST/ITEST(97)
 
COMNON/FLAGS/IFLTIFLPLpIFLPR
 
COMNON/TCONS/TCONS(200)
 
COMMON /TRA/TRACE,DUMYA (i3)

COMMON/XZ/XZ(97) /VAR/VAR(97)

COMMON/FLYBY/DUL()gX(3) DUM2.(9)

DATA C/-.06034330,,23724,6,-.96957469/
 
FLAG(Av8)=AMOD(A,B)
 
C
 
C INITIALIZATION AND ONE TIME CALCULATIONS
 
C
 
±000 	CONTINUE
 
REWIND 7
 
REWIND 8
 
REWIND 9
 
REWIND ±0
 
REWIND 1i
 
REWIND ±2
 
RPD=3.i4159/i80o.0
 
I=i
 
NREC=i
 
NC8=O
 
IFLST=O
 
CALL INITe80
 
CALL PLANET (SHNOTRA)

CALL INIUT(NP)
 
IF(XZ(85)oNE.O) IFLST=i
 
DATE=XZ (4)
 
IP= XZ (2)
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-Table 3-2 (cont)
 
IVS=XZ (3)

NSC=XZ (18) 
CALL CPLANN(IP)
 
CALL SCROT(ROTW)

C 
C 	RETRIEVE INSTRUMENT CHARACTERISTICS
 
C 
INST=i
 
IF(ITEST(22),NE,0) INST:XZ(22)tO.ot
 
INSTR=INST/100 + ±
 
GO TO (i0ti,12,i3,±4),INSTR
 
±0 CALL NOCHAR(INST)
 
GO TO 20
 
ii CALL TVCHAR(INST)
 
GO TO 20
 
12 CALL FPCHAR(INST)
 
. GO TO 20
 
13 	CALL IRCHARCINST)
 
GO TO 20
 
14 	CALL UVCHAR(INST) 
C 
C 	SET UP TIME SEQUENCING FOR CALCULATIONS
 
C 
20 CONTINUE
 
2 IF(DATE.GE.O) CALL CALNDR(JOE2HJDOATE,5HCALI9)

IFOATE.LT.O) CALL CALNDR(JDE2HJ9-DATESNHODJD) 
DAYERS=DATE-INT (DATE)
 
JDE=JDE+DAY ERS 
CALL ORBIN(XZ(5),3)

SAVE=J V
 
JOV=JDE
 
CALL PSATP
 
JDV=JDE 
IF(INSTRoEQ9 3) CALL FIELDS
 
JDV=SAVE
 
IF(INSTR.EQ.3) GO TO 800
 
CALL TCON(NP)
 
INTPL=i
 
INTPR=i
 
IF(ITEST(81).EQ.±) INTPL=XZ(81) 
IF(ITEST(82) .EQ.1) INTPR=XZC82)
 
RAPER=RPL(IP)
IF(ITEST(85).EQ.±) CALL PSCONS(RAPER,6HRADIUSIVSIP)
 
NPC=P(39)
 
C 
C START LOOP 
C 
5 JOV=JDEtTCONS(I) 
IFLPL=O 
IFLPR=O
 
IF(FLOAT((I-)/INTPL)).EQ.(FLOAT(I)-i.O)/FLOAT(INTPL)) IFLPL=i
 
IF f (FLOAT ((I-±)/INTPR) ) _EQ._(FLOAT(I) -iso)/FLOAT (INTPR) ) IFLPR=i 
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Table 3-2 (cont) 
CALL TCONV(TT,3HSECTCONSU() 93HDAY)
 
IF(NSC.GE.0) CALL PLPOS(XEJOV,3)
 
CALL PLPOS(XPJDVIP)
 
IF(IVS.GT.) CALL PLASAT(XSATJDVIVSIP)
 
CALL ORBPOS(XTT)
 
CALL VEQUAL CXNIX)
 
TX=TT/86400.
 
IPCN=(I-I)'NPC+i
 
TMAGX=ABSV CX)
 
TANGLE=ASIN (RAPERtTMAGX) 4 RPO
 
IF(ITEST(83).EQ.ooAND.TMAGXSGT.XZ(83)) IFLPL=IFLPR=O
 
IF(ITESTI84).EQt.i.AND.TANGL.LT.XZ(84)) IFLPL=IFLPR=O
 
50 CONTINUE
 
CALL VCOMBGS,XP9 -f.-OX,-i.0)
 
CALL CACL
 
GO TO (800,210,220,230,240) ,INSTR 
210 CONTINUE
 
C 
C TV ROUTINES
 
C 
IF(IFLPL.EQ.i) CALL PIC2(P(44)7P(45))
 
CALL RESO(4HCALC) 
CALL SMEAR(4HCALC)
 
CALL MRLC(4HCALC)
 
GO TO 290
 
220 CONTINUE
 
G 
o FP ROUTINES 
C 
GO TO 290
 
230 CONTINUE
 
C 
C IR ROUTINES
 
c
 
GO TO 290
 
240 CONTINUE
 
C 
C UV ROUTINES
 
C 
290 CONTINUE
 
CALL 0TJAZ(4HCALC)
 
IF(IFLPR.EQ.1) CALL OUTS
 
I=I+i 
NREC=NRECti
 
IF(I.LT.NP+i) GO TO 5
 
C 
C END LOOP 
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Table 3-2 (concl)
 
ZOUT=XZ(90) 
IF(FLAG(ZOUTiO.).GT.O.) CALL GEOPLT 
CALL FRAME 
GO TO (800,310,320,330,340),INSTR 
310 CONTINUE 
C 
o TV ROUTINES 
C 
IF(FLAG(ZOUTvi00.).GE.10.) CALL RESO(4HPLOT) 
IF(FLAG(ZOUTUD0O.).GE.i00.) CALL SMEAR(4HPLOT)
 
GO TO 390
 
320 CONTINUE 
C 
G FP ROUTINES 
C 
GO TO 390
 
330 CONTINUE
 
C 
C IR ROUTINES
 
C
 
GO TO 390
 
340 CONTINUE
 
C
 
o UV ROUTINES
 
390 	CONTINUE
 
IF(FLAG(ZOUT10000.).GE.i000.) CALL MRLC(4HPLOT)
 
IF(FLAG(ZOUT,i0G000.).GE.i00O0.) CALL OTJAZ(4HPLOT)
 
IF(FLAG(ZOUT,13OOOO.).GE.100000.) CALL OTPLI
 
800 	CONTINUE
 
IF(ITEST(96).EQ.O) GO TO i000 
IF(XZ(96).EQ.0.O) GO TO 1000 
IF(XZ(96).NE.1.U) CALL STERM 
DO 2000 I=1996 
ITEST(I)=0
 
XZ(I)=0.0
 
2000 CONTINUE
 
IFLST=O
 
NSC=O
 
NCB=O
 
NCODE=O
 
IFL T=O
 
IFLPL=I
 
IFLPR=I
 
GO TO 1000
 
900 FORMAT(3E25.8)
 
END
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PROGRAM MAIN(INPUTOUTPUTFILPLTAPE5=1NPUTTAPE6=OUTPUT,TAPE7,
 
-TAPE8-TAPE9,TAPEiOTAPEIITAPEI2)
 
G. MAIN-?
 
CO1*ION/HEOING/TITLEi13)
 
CO4MON/CHARLIE/NCODENREC ,IPIVSNSCIFLSTNCB
 
REAL JDE(3),JDV 
COMMO/JDAYS/JDV,TT
COMMON /PLCONS/GXS,GMPL (12) 'RSRPL(12) SNAME(2) PLNAME(2,12) 
X SPV(3),PLPV(3,12),SVE(3),PLVE(3,±2),SROTPLROT(12),SOBLPLOBL[iZ)
 
COtION/REVER/ROTW1 3)
 
COMMON/CHARAC/P (60)
 
.COIHOH/FOROUT/DUHYB(13) IPCNDUMMYC(6)
 
CONtON/CELEST/C (3),S (3) SN(3)
 
COI'iON/STUFF/XN(3),DUHMF(±10)
 
COHON/STUFi/XSAT(3)
 
COrMON/GEO/XE(3),XP(3
 
COHON/CAM/CCONE (200) ,CCLOCK(200) 
COIIMON/TEST/ITEST(97)
 
COIilOtl/FLAGS/IFLTIFLPLIFLPR 
COMMON/TCOIS/TOONS(2002 
CGONMON /TRA/TRACEDU14MYA($3)
CONHON/XZ/XZ(97) /VAR/VAR.(97) 
COtIONfFLYBY/DUM I(),X(3),DUM2(92 
DATA /-.06034330,.23724150i,-.Y957469/ 
FLAG(AB)=AMOD(AB)
 
START
 
1000 
/' tWNI) 
TPES 7 to 12 
RPD3.
14159/180 RADIANS PER DEGREE
 
T­
-CO--N .... J- C 1 INITIALIZE REGISTERS 
NOB = 0
(COOLI 

IFLST = 0
 
C0HAR IE- XLAT = 80.0.1 
GIINITIALIZES PLOTTER
 
Fig. 3-2 MAIN Subroutine Flow Logic
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POOLY--
CO24NL S -PLANETFProLy 
INRA 
CO~1N.-
PCONS 
PPOLYES-
DATA 
CALL 
(5 HNO 
( -
--­
- -
PLCONCON/ 
CALL 
PLCON /­
-
FGS 
TCONS 
C~biO -CALL 
-NPT7F(NP - -TEL 
-VCTORI, 
AL 
COOOON 
TEA 
TBEE 
-JPRINT/WRTE 
is 
xZ(85)=O? 
1140 SETIFLST -I 
VCOS TLNBVUIA 
DATE = xz(4) 
I = XZ(2) 
IVS = XZ(X) 
NSC = XZ(tS), 
P COOED 
SVAXIAL - GENERATES UNIT VECTORS ALONG AXES 
PLCON - ALL THE p LATAYPCONTAINSCONSTAr FOR PLANETS VEQUAL - SETS ONE VECTOR EQUAL TO ANOTHER 
INPUT - READS IN AND OUTPUTS DATA RELATIVE TO MASE BEING RUN.
 
STERM - PROVIDES AN ALTERN ATE NETIJOD TO TERINATE RUN. SCROT - PROVIDES SPACECRAFT ROTATION RATES FROM
 
VECTOEi - A SET OF'SUBROUTINES THAT PERFORM VECTOR MANIPUJLATIONS. INPUT VALUS.
 
PRINT/WRITE - OUTPUTS LST OF INPTS
 
Fig. 3-2 (cont) 
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INSTR 
INST/100+1 
GOTO 
10, 11, 
12, 13, 
14, INST 
CALL 
10 NOCHAR 
12 13-2 
TEST IN 
CCMN f LTBUI 
DAYS CVPLOT VA UPCOORDF 
PLA--N I E O 
FOLDERN
DAYERS = 
--
(INYT,COMMO 
(INST) 
TRACK 
rDATE) 
CONTINU
 
EDAE YTAAVR 
R
 
VARIABLES ASSIGNED 
 GNTO TE INSTUNT. WNEVER-
FIPTVRALSTICA OASG INFRA LCRED IMAGESSPECIFIC INFORMATION IS NOT SUPPLIED BY DATA VARIOUSVALES DESCRBING SnALTERNATEINPUTS, CANNED OF VARIABLES TO
'VCHAR - TO ASSIGN A BLOCK INPUT A SECOND BLOCK OF VCAMERAS ARE PROVIDED. FIEO VIOLET ILGESSLTRA 

VARIABLES ARE COMPUTED BY THE SBOUTINE AND 

THE TOTAL SET OF VARIABLES IS PRINTED OUT. 
CALNDR - CONVERTS BETWEEN JULIAN, MDIFIED JULTAN, 
FOLDER - CALCULATES AND WRITES ON TAPE 6 ALBEDO AN NDAR DATES. 
AND ENERGY CHARACTERISTICS FEB - DETERMINES LENGTH OF FEBRUARY 
WRITE - WRITES PICTURE CHARACTERISTICS ON TAPE 6 PRINT - PRINTS TRACE FOR DEBUGGING. 
Fig. 3-2 (cont) 
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-C ON "CALL 
PLAN-4 ORIN ) 
I oI (XZ(5),3)/ 
L 
SAVE = JDV 
JDV = JOE 
COMMN CO MN CALL 
CHARLIE PLTBUF CALL CALL PLPOS 
OPl S - PLCONS PSATr AR(CSI'
 JDAT S CPLOT (5) I)
 
P 
 PCOOR__. FLYBY ­
-AL.- CALL 
FLOS - ?LAA PLVEL 
TRA (R, \D, . (RJD, 
COMMION 
is, IF, 
CALL 
ORLUNAR OR 
nutSAT OR 
JOy SAT, 
L 
TRACE URSATOR 
PRPT I A TIT O- S ,NE. 
CALL 
MAP 
F OR 
CAML 
CALL=I 

COTN I&ICL[VCONWlNVCN GEOML -
F LYBYPCOI 
- - LOORSTN IR PROJ- STSR PERSECU E
, SPCECAFT RAJ, THAHCOJ ALW
EC. 

AGRNTE
ORRIS TO ACCEPT DESCRIPTIONS OF THE SPACECRAFT ORBIT 
IN VARIOUS FOS AND PROVIDE A STANDARD SET OF t DIRECTIONS'
 
ORBIT ELEMENTS FOR USE OF OTHER SUBROUTINES. N
 
PSATP - PLOTS PLANET DISK, ORBITS OF LAT SATELLITES, NAP - SYSTEM PLOT SUBROUTINE. 
. ORTHOGRAPHIC PERSPECTIV VIEW.SNEUT I=. VPCROJ - SETS OR b 
ARCSTP - INPUTS INCOMING ASYMPIOTE UNIT VECTOR S. VVEW - DETEMNES RANGE'AND DICIONNSO F VIES FOM 
plASAT - CALCULATES POSITIONVECTOR R(3) IN PLANETOCENTRIG. SPACECRAFT TO.TARGETS. 
EQUAkTORIAL-"ANE ECLIPTIC COOED. VTCAD -- LOAD S VECTORS 
PLPOS - CALCULATES :HELIOCENTRIC POSITION OF PLANET. VSCALE - MULTIPLIES VECTOR-By CALAR 
PLVEL - CALCULATES HELIOCENTRIC VELOCITY OF PLANET. VEQIIAL -- SETS A VECTOR EQUAL TO AN INPUT 
WEED - SETS VECTOR EQUAL TO ZERO. CTRANS - TRANSFORMS VECTOR TO CARTESIAN COORDINATES 
LUNAR, MAERAT, jOVSAT, SATsAT, UREAT, NEPSAT - EPHEMEfRIS VOMIT '-,'SETS VECTOR = UNIT VECTOR
 
OF SATELLITES OF NOON AND/OR PLANTS CALLED IN M S-
 ETV=AXB
 
BY INPUT IF. .. VOOS STSV AE 
PRINT - PRINTS TRACE WHEN DESIRED TO AID IN DEBUGGING. PRINT - RANGE AND DIRECTIONS OF VIEW TARGET FROM
 
SPACECRAFT.
 
Fig. 3-2 (cont)
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PSAT? CONT'D 
7 ARROCC E V2N u \ LEEMVCONS I ~ ~ (0, 64, VTOAMI 
PLCONSPLTBU 
C L OUTPUT
OF 
VECTORS 
LPLOTS 
W=TRIIL
PSCONS
 
• L_ P~c°" ... P AT /VDlF 
CAL 
SSATRS fTE 
7E S[:- CA\OE L 
DOA ByO PS - OBPOS 
CORAD C 
BO-D'0/T-pOSO ECR T VRIOUCS IEAL .2 
-O -SOI-
CAETNCALLEELLTE OVERGEUEAE"OWVT OI S N L A 
OFCON EDNCTOESTPSCOS -PROVDESplANTSTELLTE ONST T . 
SCALLA GtLLREUETE BODES 
-APU LCVP TONTP IHIUTPUTBOOOUTTLTDIV =A- -B ETS 
ORBOS ONAALCLATSVEOCIY ECTRS 
PLS
. PTTONS PLOTS T Y SELOOSI 
COORD. 
.DI SK PI500TDIS
POLIBUFIS 
SAEL WITNREPECFO ANTSAN TES 
PROIDES FVECTi - TRACE 
OF Fp AEDISPK TA MVCE NS SET OREIWITHNUBRI A LE TOTARRCOL-
- VULTORISVECTO RYSALES T PLANE- S PAE 
UPT . POSDS FPAE MVMN 
VERCI DRWDRW I T ARCFRVNN 
OUTPUT- PLOTS OFVCTORSTOVARIOUS BODILES OUTPUT - PLOTS OVCATONS TOITRIONS BOFDIET N UPT-POSDSKO LnTADIV 
SAS L T OF SATELLITELPATES. 3-MU - OT RLS T N 
- SAEOTELSLTT NAR OF SATELLITES.ARS 
PENUP - PROSITIES PTRC PEN L URUTNSCALD 
OLST-CLCLTSPSIINVCOR POSY()I- ORBITCALCULATES POSITION VECTOR ORAE& - ACLTSPSTOVETRR()I POSV - CALCULATESORBIT POSITION VCTOR 
Fig. 3-*cot WIM - "O ONERENESTELIEPSON -PRVIESPLNEONTATS 3-1O7BSI UTUT 
TO S/C.DISKF-gLOTS-PLNETeDES 
MCR-71-181 
IPRATT CONTD. 
FLAG = VIOAT 
TEA FAEWI 
DATA 
CHRIE I PLTBUF ANS
-PLTPVLOT 
- OR IS COMMO CAL CALPN PC001WTD" 
NSTR -3 YES FIELDS FDISK 
NOTO 
PINTp MAFLAGS 
FRAME~~~~FRM - !VARSFRMBFRPOTOTPTS 
FT PLOTS OF AE 
INTR TO1 
ITST81TEST
 
ITES(81)XZ(81)FRV OU FRMFRPMOUTUTAVE ADANT 
PESETV IW FMAGNETICFIED 
SCTR CNROSP1TOPRTNN=1
 
OR S-CLUAE OIINADVLCITYA VECCTOWRIT
 
COMNCANLLNETSTM 
 EWENDYB0S RTS 
SINTRP - CON4TROLS PLOT OPERATIONS 
FRAMIE - ADVANCES FRAME FOR PLOT OUTFUT 
3-18VLOAD - LWADS VECTORS DISK - PLOTS PLANET DISK 
VUNIT - SETS V =A IAI VCOMB - SETS V =A. 1+3B X
 
FRINT - OUTPUTS T!RACE t'-ox DEBUGGING VPLOT(X)- CALLS VPLOII TO PLOT VECTORS.ANDLABELS 
FIELDS - BLOTS THE MAGNETIC FIEID PATTERNFRMTEOSVRTOAGT. 
SINTRI' - CONTROLS PLOT OPERATIONS 
MAP - SYSTEM PLOT SUBROUTINE 
FRAME - ADVANCES FRAME FOR PLOT OUTPUTS 
ORBPOS - CALCULATES POSITION AMD VELOCITY VECTORS 
FOR PLANETS AND SATELLITES MET. SPACECRAFT OUTPUT - PLOTS OF VECTORS, PLANETS, LABELS AND 
VCROSBPERSPECTIVE- = VIEWS OF MAGNETIC FIELDS 
TOON - CONVERTS TINE BETWEEN DAYS, HOlURS, INUTES,VPROJ - SETS ORTHOGRAPIC OR PERSPECTIVE VIEW SECONDS, OR MIXED 
VVIEW - DETERMINES RANGE AND DIRECTION OF VIEWS WRITE - WRITES TIME IN DAYS, HOURS, i0fl ES AND 
FROM SPACECRAFT To TARGETS SECONDS ON TAPE 6. 
AX ETS 

Fig. 3-2 (Cont) 
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/ PLONI CALL 
/TA ITEST(85) S~ ?CN 
_j NO 
5 
W,' FP(39) 
ZATA JDV -JDE +TWONS(I) IF PL = I 
IFLPL =0 
fS I I 
/LON D-P 
/CALL.Is.ot YES - PLrOS(I, "NSC O flY,3) 
C0NN0N 
I / 0 
EAR 
YS PLPOSATE 
S _/ 
PLCONS 
GO~~~JV 	 IV (SIJV 
TOE 
TO 	 IvS, IF) 
8 is• 
NN 
PSCONS . PROVIDES PLANET AND SATELLITE CONSTANTS TCONV - CONVERTS TIME BETWEEN UNITS OF 
SECONDS, MINUTES, HOURS, AND DAYS 
PRINT - DUMPS DEBUG DATA WHEN ERRORS ARE DETECTED 
f F (I-1)/INTL 
- CALCULATES HELIOCENTRIC POSITION OF PlANETSLOAT PLOS 

f2 n (FLOAT (1) - l.0)/FLOAT(INTPL)
 
f3 - FLOAT (I-1)/INTRP
 
PLASAT - CALCULATES POSITION AND VELOCITY VECTORSf4 = (FLOAT (I) - i. O)/FLOAT(INTPR) 	 IN PIANETOCENTRIC, EQUATORIAL, AND 
ECLIPTIC COORDINATES. 
Fig. 3-2 (cont)
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/cffN CALL 
ORBPOS 
BT -- (X, TT)i 
XT =TT/86,40(
 
IPCN~T~hINP2 
,NAGX=ABSV(X) 
TANGLE= 
S IS IFLPL= 0ITEST(83).YE S
-' 
a> LF1(83) 	 JILP 
- NO NO 
7TEST(84) YES TAGE U IFLP-­
NXZ(84) 
m. -m__I 	
_NO 	 NO 
50 
To(GO

GALT 
, COVCOMT
 
(S, P, -40)
 
X, -1. 0)
 
COEMA N 	 CALMLE: 
PCONRD CELEST 	 CALL3 CTOR RESLTS 
VT-.CWRTE-CAC OPEA TSON ON TAPE 7FLAGS GEOH \URON )E
N!cAN, JDAYS ;STUF,PLCONS 
(800 210, 
1220, 230,240)F 
L 	 NTAGT
TO CTUR4E TO N ORESLTU
MON 
VCOMB =CRBPOS - CALCULATES ORBIT POSITION VECTOR F,3- (con ) - SETS S XP -1.04-I - -1-0 
VEQUAL - SETS V = A C&LC - CALCULMTS RANGE, CDNE, AND CLOCK 
WRITE - OUTPUTS "NO CONVERGENCE DLE' ON BASIS -ANGLES TO PLANET AND SATELLITES; VECTORS 
OF CONVERGENCE TEST TO PICTURE TARGETS; VELOCITIES RELATIVE 
To PICTURE; LOCATION OF PICTURE ON TARGET; 
PHASE ANGLES; AND TO AND THRU THE LENS 
VEQUAL - SETS XN = 
WRITE -WRITES RESULTS OF CALCULATIONS ON TAPE 7. 
Fig. 3-2 (cont) 
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T~
~PLTBUY-
•CHARLIE /
'TEA, JDAYS, 
'D 
DATA 
TON
 
FLYBYPLOONSCM XRNOMN/~~COTOT - V 
(I,(44)COD210CA. =EMI~r 
ISS
 
POINTIDATA_ /SATOR 
A-S PLOO STUFF (4HT TEM 
I A T OI ATS 
AECSTP S O ARC. C. ETSN N &j 
PATS - CLUTS PITUREG ODSATEIO PAET 
VE - EPNTSARAES ND IETIONOFVIESNSHAZE- ATTRIAO FDSAE 
TDOSV - PCONTS TLANE'/PRED - SEOTS ORDGAFCO PERETIVIELTWEE DAS lRMNIESC 
SUINI ETS CAH- SYSTEM PLOT 
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CaHA IPcSOSL 
/ITAs ABSBEHf 
COMMJN COI 
PLOTS OFIMAGE SMEAR 
-FRAZO~CHAPAC 
DATA FOROT 
GO 
TOOTPUT
 
PLOTSOF
~RESOLUTION 
HANDON POBEAR OTJAZ 
- FRSER(4H C~l)DATA CHARLIE 4SL 
JDAYS ASE 
SMEAR - CALCULATES SMEAR OF AN IM1AGEAND PLOT 
RESULT AS FUNCTION OF TIME. 
VSOM - SETS V = A+ B 
MAPSSL - SYSTEM PLOT SUBROUTINE 
ABSEE - SYSTEM PLOT SUBROUTINE 
FRAME - ADVANCES TO NEXT PLOT FRAME 
LINE - SYSTEM PLOT SUBROUTINE 
POINT - SYSTEM PLOT SUBROUTINE OTJAZ - PLOTS: (THIS ITERATION CALCULATES) 
1. SATELLITE RANGE VERSUS TINE 
PSCONS - PROVIDES SATELLITE AND PLANET ONSTANTS 2. SATELLITE PHASE ANGLE VERSUS TIM 
OUTPUT - PLOTS OF IMAGE SMEAR AS FUNCTION OF TINE 3. SATELLITE CONE ANGLE VERSUS TIME 
MRLC - MINIMUM RESOLUTION LEVEL CALCULATION OF 4. 'SATELLITE CLOCK 
ANGLE VERSUS T 
NUMBER OF PICTURES VERSUS TINE WITHIN ORBPOS - CALCULATES ORBIT POSITION AND VELOCITY 
GIVEN RESOLUTION "RANGE. VECTORS FOR PLANET AND SATELLITE WITH 
NUMBER - SYSTEM PLOT SUBROUTINE RESPECT TO SPACCRAFT. 
OUTPUT - PLOTS OF RESOLUTION VERSUS 
TARGETS, IN FIELD. OF VIEW 
TINE R MAPS 
OUTPUTS -
SYSTEM PLOT SUBROUTINE 
SEE OTJAZ 
Fig. 3-2 (cont)
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COTN COMMON 
NTARAPE 
LAGS 
ROUT k 1- T 
GEOPLT .- TWO0 CENTERED AROUNDpROVIDES POLAR PLOTS 
0° AND 1800 WITH CONE AND CLOCK G;RID LINES.CA -

NAP -SYSTE PLOTSUBROTINE
 
LINE SYSTEM PLOT SUBROUTINE.NUMBER - SYSTEM PLOTi RUT NE.C 
CIRO - PLOTS A POLYGON APPROXIMATING A CIRCLE. I 3 ,u20,- J 
VEQUA. - SETS ONE VECTOR EQUAL TO ANOTER. 
PSCONS - PROVIDES SATELLITE AND pLANET CONSTANTS.
 
XLIMB - SYSTEM PLOT SUBROUTINE.
 
VIOAD - LOADS SUBSCRIPTED VECTORS.
 
SPHERE -- TRANSFORMS A VECTOR BETWEEN CARTESIAN AND 
SPHERICAL COORDINATES. 
POINT -SYSTEM PLOT SUBROUTINE. 
FRAME - ADVANCES FRAME NEXT PLOT.FOROUTPUTS - POLAR PLOTS OF CONE AND CLOC GRIDS. 
310 - TV ROUTINES OUTS WRITES OUTPUT TAPE 6 IN FORMAT FOR FAROIT TABLES 
320 - F ROUTINES TCONV -CONVERTS TIME BETWEEN DAYS, HOURS, MINUTES AND330 -I ROUTINES SECONDS. 
340 - UT ROUTINES OUTPUT - WRITES OUTPUT TABLES ON OUTPUT TAPE 6 
800 TNOIN STRUMENTATION 
Fig. 3-2 (cont) 
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310 
CONTINUE 
VUNE 
is YES CALL 
BRED 
(411 PLOT 
OUTPUTSPLOTS OF 
RESOLUTI 
SMEO 
COUT, YES 
CALL OUTPUTSPLOTS OF 
OS0M 
390 -4 
COT IND 
RESO 
0TO YES 
CALCULATES RESULTS OF TV IMAGER AND 
OUTPUTS PLOTS OF RESOLUTION VERSUS 
LOTIME. (THIS ITERATION OUTPUTS PLOTS). 
SHEAR - CALCULATES SMEAR Or AN IMAGE AND PLOTS 
SRESULTAS A FUNCTION O TINE (THIS 
ITERATION OUTPUTS PLOTS) 
SCALL 
NOL 
OUTPUTS 
G(ZOT, YSTAZ Z,99LSE 
-TIMEK3 
K2 NO(4 
CALL RBPOSNUMBER 
G( YS MASSLGIVEN 
K4 OP CHROPOUTPUTS 
SYMBOL 
14A, 
- S4,F G. 
TO 
0 10008. 
0 
S GO 
Z(96 0 TORESPECT 
1000NAPSSL; 
3. P=1000 
2 =10000 
100000 JINPUT FLAG VALUES 
=10000001 
NELO MINIMUM RESOLUTION LEVEL CALCULATION OF 
OF PICTURES VERSUS TIME WITHIN A 
RESOLUTION LEVEL. (TILS ITERATION 
BLOTS). 
OTJAZ P1LOTS: (TIIEAIO.LTS 
1. SATELLITE RANGE VERSUS TIME; 
2. SATELLITE PHASE ANGLE VERSUS TIME; 
3. SATELLITE CONE ANGLE VERSUS TIN; 
4. SATELLITE CLOCK ANGLE VERSUS TINE. 
OTPLT -TIME PLOTS OF: 
1. PLANET RANGE; 
2. PLANET PHASE ANGLE; 
ATD MAS 3. PLANET GONEANGLE; 
PLANET CLOCK ANGLE;SATELLITE RANGE; 
6. SATELLITE PHASE ANGLE; 
7. SATELLITE CONE ANGLE; 
SATELLITE CLOCK ANGLE. 
ORB - CA.LCULATES ORBIT POSITION4 AND VELOCITY 
VECTORS FOR PLANET AND SATELLITE WITH 
TO SPACECRAFT. 
CIIAROP; AESBEM; SYMBOL; LINE; FRAME; 
AND N4APS -SYSTEM PLOT SUBROUTINES. 
OUTPUTS - SEE OTPLT ABOVE. 
Fig. 3-2 (Cont) 
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(9 6NO. 
:CALL 
STERA 
DO 2000 
I = 1, 96 
ITEST(I)=O 
xz (I) =0.0 
2000 N I 
CONTINUE
 
IFLST 0 
NSC 0 
NCB 0 
NODEM = 0 
IFLI = 0 
IFLPT =1 
T TPR = 1 
TO 
1000 
END
 
Fig. 3-2 (concl) 
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3.3 Computer Translation Information - Table 3-3 is a compari­
son of the Univac 1108 and CDC 6400/6500 computers. From this
 
data, the following programming guidelines w*ere adopted in develop­
ing the FORTRAN IV CDC 6400/6500 program that was subsequently con­
verted to FORTRAN V for the Univac 1108:
 
1. 	The 60 bit word of the CDC 6400/6500 allows 10
 
Hollerith characters. Univac's 36 bit word permits
 
only six characters per word.
 
Use 	six or less Hollerith characters per word.
 
2. 	The CDC 6400/6500 FORTRAN IV compiler allows symbols
 
with up to seven alphanumeric characters. Univac 1108
 
FORTRAN V permits only six alphanumeric characters.
 
Use a maximum of six alphanumeric characters
 
per symbol.
 
3. 	CDC FORTRAN IV allows Hollerith characters in FORMAT
 
statements to be specified by placing asterisks around
 
the Hollerith information. Univac has this feature
 
with apostrophes instead of asterisks.
 
Use 	the Hollerith FORMAT specification nH.
 
4. 	CDC FORTRAN IV allows the DO loop index to be altered
 
by a replacement statement within the loop. Univac
 
FORTRAN V does not permit DO indices to be altered
 
within the loop.
 
Do not reset DO loop indices within the itera­
tion loop.
 
5.' 	CDC FORTRAN IV allows the DO loop index to be refer­
enced outside the limits of the loop. Univac does
 
not have this feature.
 
Do not reference the index of a DO loop out­
side the iteration limits. Store the index
 
value in a separate word.
 
6. 	The CDC loader allocates storage for common blocks
 
according to the length of their first appearance in
 
the job string. The Univac loader searches the refer­
enced elements and allocates storage for the longest
 
appearance of the common block.
 
Keep common statements consistent throughout
 
all elements.
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Table 3-3 Univac 1108/CUC 6500 Comparisons 
ITEM UNIVAC 1108 CONTROL DATA 6400/6500 
MEMORY 65KIo 150K8 54KI0 
WORD LENGTH 36 Bits 60 Bits 
FLOATING PT. BIAS 2008 20008 
DOUBLE PREC. BIAS 20008 20008 
MANTISSA FRACTION INTEGER 
< R < 1038  ­10 294 , R , 10322REAL 10- 38 

(9 decimal digits) (14 decimal digits) 
DOUBLE PRECISION 10-308 < D < 10308 10-294 < D , 10322 
(18 decimal digits) (31 decimal digits) 
INTEGER 111<(235 - 1) II < (259 - 1) 
DO index I < (217 -
I R IRI (24 8 - 1) 
2) 
CHARACTER 6 FIELDATA CHAR/WORD 10 Hollerith Char/Word 
ARRAYS - UP TO 7 DIMENSIONS UP to 3 DIMENSIONS 
WALK BACK AVAILABLE NA 
FUNCTIONS: CBRT(X) NA 
(1108 has many 
functions that are X0R(Xi,X2,. ,Xn NA 
not available on 
(DI 6400/6500 BOOL NA 
FLD NA 
ITEM EXECUTABLE UNIVAC 1108 CONTROL DATA 6400/6500 
DO n i = M1, M2, M3 M.) may be signed constant (M.) unsigned (variable may 
or variable have negative value) 
(.) , i may not be altered (. i may be changed during 
during execution of DO 3 execution of DO 
RETURN RETURN k RETURN 
STOP STOP name STOP 000008 
PAUSE PAUSE name PAUSE 000008 
READ READ (u,f, ERR = c, END = d) READ (u,f) list 
list 
WRITE WRITE (u,f, ERR = c, END = c) WRITE (u,f) list 
ENCODE ENCODE (c,v,f) list ENCODE (c,f,v) list 
v = block v = block 
f = format f = format 
c = no. of char. c = no. char. in record 
DECODE DECODE (c,v,f) list DECODE (c,f,v) list 
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ITEM NONEXECUTABLE 

BLOCK DATA 

FORMAT 

PARAMETER 

INTEGER 

REAL 

DOUBLE PRECISION 

COMPLEX 

LOGICAL 

ABNORMAL 
DIMENSION 

EQUIVALENCE 

COMMON 

DATA 

END 

NAME LIST 
ENTRY 

IMPLICIT 

DEFINE 

COMPILER 

ITEM SOURCE CONTROL 

INCLUDE 

DELETE 

EDIT 

MCR-71-181 
Tdble 3-3 (concl)
 
UNIVAC 1108 

Reference in MAP 

'hhh' 

PARAMETER 

INTEGER list /data/ 

REAL list /data/ 

DOUBLE PRECISION list /data/ 

COMPLEX list /data/ 

LOGICAL list /data/ 

ABNORMAL 

DIMENSION list /data/ 

EQUIVALENCE (V(o), w) 

Largest block loaded 

Hollerith may be in 'hhh' 

nested implied DO's 

n END 

n is statement number 

ENTRY name (al, a2 , a3) 

unique arguments not 

necessarily like parent 

IMPLICIT 
DEFINE name (1) = 
COMPILER 
UNIVAC 1108 

INCLUDE 

DELETE 

EDIT 

CONTROL DATA 6400/6500
 
BLOCK DATA name
 
*hhh*
 
NA
 
INTEGER
 
REAL
 
DOUBLE PRECISION or DOUBLE
 
COMPLEX 
LOGICAL
 
NA
 
DIMENSION
 
EQUIVALENCE (X(n), w)
 
First block loaded
 
Hollerith in nH field. Single'
 
variable subscript
 
END name
 
name is element name
 
ENTRY name
 
arguments defined in
 
parent element
 
NA 
Name (1) = 
NA 
CONTROL DATA 6400/6500
 
NA
 
NA
 
NA
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7. 	The CDC loader creates an absolute element of all ele­
ments in the job string including BLOCK DATA subpro­
grams. The Univac loader only loads those elements
 
that are referenced by the main program and subsequently
 
referenced elements.
 
Do not use BLOCK DATA subprograms. All elements
 
to be loaded must be referenced - whether or not
 
the CALL statement will be executed.
 
8. 	The following list indicates special CDC 6400/6500
 
FORTRAN IV capabilities that are incompatible with
 
Univac 1108 FORTRAN V. An alternative statement is
 
shown where applicable.
 
Special CDC 6400/6500 FORTRAN IV CDC 6400/6500 FORTRAN IV Statements
 
Statements that are Incompatible that are Compatible
 
DOUBLE list DOUBLE PRECISION list
 
PAUSE 000008 PAUSE
 
STOP 000008 STOP
 
END name END
 
IF (logical expression) Nl,N2 IF (logical expression) GO TO
 
IF (UNIT, i) Nl,N2,N3,N4 Not applicable on Univac 1108
 
IF (EOF, i) Nl,N2 Not applicable on Univac 1108
 
IF (ENDFILE i) N1,IN2 Not applicable on Univac 1108
 
BUFFER IN (i,m) list Not applicable on Univac 1108
 
BUFFER OUT (i,m) list Not applicable on Univac 1108
 
Ow FORMAT specification Not applicable on Univac 1108
 
Multiple replacements Not applicable on Univac 1108
 
Multiple statements per line Not applicable on Univac 1108
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4. MODEL SYMBOL DICTIONARY
 
This section presents a definition of the program symbols, 
or
 
variables, which are common to two or more subroutines.
 
4.1 Common Blocks - Symbols are used to identify program
 
variables. 
Those symbols used in two. or more subroutines are
 
assigned to blocks of variables and identified by a code name.
 
The blocks are referred to as "common blocks" by the'code name.
 
Table 4-1 presents the common blocks of variables, the code
 
letters for the variable (symbol), variable definition, and the
 
loading subroutine.
 
4.2 Model'Inputs 
- The input consists of a set of cards that
 
define the mission, date, type of spacecraft orientation, instru­
mentation, and instrument characteristics. In addition, there
 
are a number of stored values such as planet constants and
 
planet positions with respect to time. 
MAIN calls in subroutine
 
INPUT, which reads in the input data. 
These input values are
 
assigned a common block, identified and dimensioned as variables
 
XZ (97). The names of the variables are assigned by the INPUT
 
subroutine, which also reads additional input cards for labeling
 
and identification of the computer output run.
 
Table 4-2 contains the input variable identification for
 
input data. The particular inputs for televsion, and for fields
 
and particles instrumentation are identified in Tables 4-3 and
 
4-4, respectively.
 
4.3 Tape Files - Because of the large number of subroutines,
 
tapes are used to store calculated values for many variables that
 
are calculated in one 
subroutine and used by other subroutines.
 
Table 4-5 defines the variables that are calculated by the loading

subroutine and read onto 
a tape by tape number. Subroutines that
 
use these variables are also identified.
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Table 4-1 Definition of Variables
 
COMMON VARIABLE LOADING
 
BLOCK SYMBOL DEFINITION OF VARIABLE SUBROUTINE
 
/CAM/ 	 CCONE User's input cone angle for camera INPUT
 
CCLOK User's input clock angle for camera INPUT
 
/CELEST/ 	 C(3) Unit vector to Canopus MAIN
 
C(3) Vector to sun from S/C MAIN
 
SN(3) Not used
 
/CHARAC/ 	 P(60) Instrument input characteristics TVCHAR, ETC.
 
/CHARLI/ 	 NCODE Not used 
NREC Number of records MAIN 
IP Planet number index INPUT 
IVS Satellite number index INPUT 
NSC Spacecraft type index MAIN 
IFLST Type run flag = 1 satellite = 0 planet/ MAIN 
can switch 
NCB Switch index = 0, on planet; = 1 switched CALC 
to satellite
 
/ERR/ ERFLAG Error flag.
 
/EXTRA/ RPLP/ROT Radius of planet/planet rot. rate (rev/day) PIC2
 
/FAME/ C1(3) Camera coord axis left to right vector LOCATE 
C3(3) Camera coord axis S/C to object vector LOCATE 
/FLAG/ LL Vector index if = 1 only center; # all nine 
vectors.
 
NI Symbol plotter at center of TV frame plot FPLOT
 
MFL = 0 FPLOT
 
/FLAGS/ 	 IFLT Instrument mkde (I mode) flag INPUT 
IFLPL Plot flag = 1, plot data . MAIN 
IFLPR Print flag = 1, print data MAIN 
/FLYBY/ 	 SI(3) Vector of incoming asymptote
 
TP(3) Vector of trajectory pole PSATP
 
XN(3) Vector of S/C from planet (modified from ORBPOS
 
sat)
 
PA(3) Vehtor to periapsis from planet center
 
SO(3) Vector of outgoing asymptote
 
SV(3) Vector to satellite from planet PIC2
 
/FOROUT/ 	 POWER Power thru lens (ergs/cm2 /sec) CALC
 
ENERGY Total energy for exposure (ergs) CALC
 
PERCT % of dynamic range above threshold OALC
 
IDN Digital number (shades of gray) CALC
 
R(3) Range, cone & clock to planet from S/C CALC
 
RSAT(3) Range, cone & clock to satellite from S/C CALC
 
TARG P(3) Radius, latitude & longitude of picture CALC
 
center
 
IPCN Picture number MAIN
 
FRACT Fraction of dynamic range for exposure CALC
 
PHASED Phase angle of planet (deg) CALC
 
PHASEP Phase angle of specified satellite (deg) CALC
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COMMON 

BLOCK 

/GEOM/ 

/HANDO/ 

/HEDING/ 

/JDAYS/ 

/JUNK/ 

/NTRA/ 

/ORBITQ/ 

VARIABLE 

SYMBOL 

POWLN 

NDN 

EPERDN 

XE(3) 

XP(3) 

TIM 

REC(9) 

- REL(9) 
RES 

SMR(9) 

SMRR(9) 

SMRS(9) 

TSMR(9) 

SPSMR 

SPSMRS 
SPTSMR 
SPSMRR 
TITLE 
JDV 
T 
PB 
EFBP ­
B(8) 
EFB(8) 

NTRACE 

DUMZ(7) 

E 

H 

PQ 

A& 

DUMZZ(A) 

MCR-71-181-

Table 4'i (cont)
 
DEFINITION OF VARIABLE 

Power flux t6 lens (ergs/cm 2/sec) 

above
Calculated exposure in,digital no. 

min.
 
Energy difference per digital number 

Vector to Earth-from sun 

Vector to planet from sun/modified to 

planet from Earth 
Max time from periapsis for plot limit 
(days) 
Resolution (lm/pixY for planeti8 sat at 
center 
Resolution (km/pix) for planet/8 sat at 
limb 
Resolution (lon/pix) for principal body 

center
 
Velocity of pic ctr normal to site due 

to orbit
 
Smear in pixels 

Velocity of pic ctr normal to site due 

to S/C
 
Exp.time to reduce smear to less than 

one pixel
 
Prin body velocity die to orbit normal 

to sight -I 
Prih body velocity due to S/C 

Exposure time to reduce smear 

Smear in pixels 

Mission title (78 characters), 

Julian date 

Time from periapsis (sec) 

Planet surface brightness 

Effective planet brightness 

Satellite brightness 

Effective satellite'brightness 

"No Trace"
 
Dummy 

Eccentricty 

Angular momentum .
 
Semilatus rectum 

Semimajor axis 

Dummy 

LOADING
 
SUBROUTINE
 
CALC
 
CALC
 
CALC
 
PLEOS
 
PLPOS
 
RESO
 
PESO
 
RESO
 
RESO
 
SMEAR
 
SMEAR
 
SMEAR
 
SMEAR
 
SMEAR
 
SMEAR
 
SMEAR
 
SMEAR
 
INPUT
 
MAIN
 
MAIN
 
FOLDER
 
FOLDER
 
FOLDER
 
FOLDER
 
ORBIT
 
ORBIT 
ORBIT
 
ORBIT
 
ORBIT
 
ORBIT
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Table 4-1 (cont) 
COMMON 
BLOCK 
VARIABLE 
SYMBOL DEFINITION OF VARIABLE 
LOADING 
SUBROUTINE 
/PC/ 
/PCOORD/ 
/PIASER/ 
/PHOTO/ 
/PLAN/ 
/PLCONS/ 
/PLOTER/ 
PC(3,9) Frame coordinate set in ecliptic coord. 
PV(3) Planet pole vector 
VE(3) Planet vernal equinox vector 
PM(3), Planet prime meridian vector 
PHAS(8) Phase angle for 8 possible satellites 
SRAT(3,8) Range, cone, clock to satellite from S/C 
SOLAR(31) Solar intensity (erg/cm2/micron) 
ACBDO Albedo per wavelength band per model 
(31,3) 
F(31,3) Filter transmission per wavelength band 
CAMEF Camera sensitivity per wavelength band 
(31,3) 
GM Planet gravitational constant (km3/sec 2) 
GMS Sun gravitational constant 
GMPL(12). Planet gravitational constant 
RS Radius of sun (km) 
RPL(12) Radius of planet 
SNAME Name of sun 
PLNAME(12)Name of planet 
SPV(3) Sun pole vector 
PLPV(3,12)Planet pole vector 
SVE(3) Sun vernal equinox vector 
PLVE(3,12)Planet vernal equinox vector 
SROT Sun's rotation rate (rev/day) 
PLROT(12) Planet's rotation rate (rev/day) 
SOBL Sun's oblateness 
PLOBL(12) Planet's oblateness 
PEN PEN flag-last condition-'up,' 'down,' 
R(3) Vector from viewer, X, Y projections are 
plotted 
SCALE angle or field of view 
R2 Range S/C to planet center 
VT(3) View coord axis (horizontal) unit 
VR(3) View coord axis (vertical) unit 
VW(3) View coord axis (to or from) viewpoint 
unit 
LOCATE 
CPLANN 
CPLANN 
CALC 
CALC 
CALC 
FOLDER 
FOLDER 
FOLDER 
FOLDER 
CPLANN 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
PLCON 
VPLOT 
VPLOT 
PIC2 
VVIEW 
VVIEW 
VVIEW 
VVIEW 
/PLTBUF/ 
RPP 
TANR 
BUF(20) 
Radius of planet (km) 
Tan. of angle or fov during viewing 
Plotting buffer array 
PIC2 
PIC2 
PIC2 
/POINT VC(3,9) 
P(3,9) 
Vector from planet CTR to frame points 
in ecliptic coord. 
Vector to 9 points on TV frame (camera 
coord.) 
LOCATE 
FRAME 
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Table 4-1 (concl)
 
LOADING
 
BLOCK' SYMBOL DEFINITION OF VARIABLE SUBROUTINE
 
COMMON VARIABLE 

/POBEAR/ 	 SSV(8) Phase angle for 8 possible satellites CALC
 
SAF(8) angle of 8 possible satellites CALC
 
HANG2 Angle subtended by planet GALa
 
DCNCLK(8) Delta cone and clock - required adjustment CALC
 
/PPOLY/ 	 AA(12,2) Coefficients Major axis PLCON
 
EE(12,3) for Eccentricity PLCON
 
11(12,3) Inclination PLCON
 
00(12,3) Polynomial Arguments of Ascending Node PLCON
 
Longitude of Periapsis PLCON
WW(12,3) Planet 

MM(12,3) Orbital Mean Anomaly PLCON
 
VV(12,2) Constants Prime Meridian PLCON
 
/PTLB/ 	 THA Half angle of planet/satellite (radians) GEOPLT
 
R(3) Range, cone & clock to planet/satellite GEOPLT
 
DEI Inches per degree - plotting scale GEOPLT
 
/RAZOR/ PICS(4,9) Number of pitures over giv-en -scale--- MRCL
 
/REVER/ ROTW(3) Rotation velocity vector on S/C 'MAIN
 
/RING/ RR(5)
 
/RFSTAR/ C(3) Vector to Canopus MAIN
 
/STUFl/ XSAT(3) 	 Vector to nearest satellite CALC
 
Position vector to S/C from planet/sdt CALC
 /STUFF/ 	 X(3) 

TARGE(3) Velocity vector of pic center 'CALC
 
ROTV(3) Rotation velocity vector due to S/C rates CALC
 
VSV(3,8) Vector to satellite from S/C camera coord. CALC
 
VVSAT(3,8)Velocity vector of satellite toward S/C CALC
 
camera coord.
 
SVSV(3,8) Velocity of picture of satellite due to CALC
 
,S/C rotation
 
RCCL(3) Unitvector to pic ctr from S/C xyz sndn/. CALC
 
Earth-Canopus
 
DTARE(3) = TARGE if planet;=VVSAT if satellite CALC
 
DROTV(3) = ROTV if planet;= SVSV if satellite CALC
 
/TCONS/ TCONS Time after periapsis (days) INPUT
 
/TEST/ ITEST(97) Indicator or user inputs = 1 if input INPUT
 
/TNME/ TVNAME(5)' Instrument name INPUT
 
/TPA/ 	 TRACE "Trace" for'debugging
 
VECTOR/VCONS/ 	 UX(3) Unit vector along x-axis 

UY(3) Unit vector-along y-axis VECTOR
 
UZ(3) Unit vector along z-axis VECTOR
 
/VAR/ 	 VAR(97) Name list of input variables INPUT
 
/VW/ 	 VW(3) View vector toward/from selected point PIC2
 
RIP Range S/C to planet center PIC2
 
ASDP angle or planet satellite or switches PIC2
 
/XZ/ XZ(97) Input variable array (see 'Table4-2) INPUT
 
IXZ6 - Integer specification of input state MAIN.
 
/BRTC/ IV(3)/ Planetocentric vector to picture FPLOT
 
V(3) on planet surface
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Table 4-2 Input Variable Identification - Common XZ (97)
 
DESCRIPTION
CARD NUMBER 

Header Card Required, prints run title on each page.
 
XZ (1) Not used
 
Xg (2) Planet Number*
 
var. EQ. 0 and minimum range (86) has been specified, data will be
XZ (3) Satellite numbert if 

If var. EQ. 0 and (86) has been
generated for "closest" satellite within minimum range. 

specified, data will be generated for specific satellite number within minimum 
range.
 
If 86 has not been specified only geometry data for specified satellite will be generated.
 
XZ (4) Date of encounter (periapsis)
 
XS (5) Not used
 
Input form of state vector - uses ORBIT convention.XZ (6) 

X9 (7) State vector see var. (6)
 
State vector see var. (6)
 
IState vector see var. (6)
 
'State vector see var. (6)
 
State vector see var. (6)
 
XZ (12) State vector see var. (6)
 
XZ (13 - 17) Not used
 
Xg (la) Spacecraft model var = -1 sun oriented (TOPS)
 
var = 0. Earth oriented (TOPS)
 
var = 1. Earth oriented (PIONEER)
 
var = 2. input spin rates (EARTH ORIENT)
 
Xg (19) Pitch rate (deg/sec)
 
XZ (20) Yaw rate (deg/sec)
 
X9 (21) Roll rate (deg/sec)
 
X9 (22) Instrument ID 110. - Narrow angle (SIT) TOPS (Can. Val)
 
120. - Wide angle (SIT) TOPS
 
130. - Wide angle Silicon Vidicon
 
140. - Wide angle Silicon Vidicon
 
150. - Wide angle SEC 
160. - Wide angle SEC 
. .

* Sun = 0, Mercury 1, 
t Satellites are numbered from 1 to N'starting with innermost satellite
 
Table 4-2 (cont)
 
CARD NUMBER 	 DESCRIPTION
 
Xg (22) - Cont Instrument ID 	 210 - Particle and fields plots only 
310 - IR (not available) 
410 - UV (not available) 
XZ (23) Variable specifies mode description (aligns picture center to radius vector or to center
 
of lit limb if radius vector is in shadow).
 
0 - uses built-in time steps
 
1 - input discrete time of picture, cone, clock of camera center line
 
XZ (24) Cone angle
 
X9 (25) Clock angle Input only if Var 23 = 1
 
XZ (26) Time from encounter
 
X2 (27)
 
X9 (28) Not used
 
XE (29)
 
XE (30)
 
Xz (31 - 70) Instrument characteristics (see Tables 4-3 and 4-4 

XE (81) Plot interval [number of calculation steps between plots (TV)]
 
XE (82) Print interval, number of calculation steps between print
 
XE (83) Not used
 
xz (84) 
XZ (85) Flag to specify a satellite run satellite specified by var (3)
 
If 85 = 1 it is a satellite run
 
85 = 0 it is a planet run - can switch to Satellite if XZ (86) min range is loaded
 
XZ (86) Minimum range required before switching to satellite
 
XZ (87) Start of time interval to inhibit satellite switch if minimum range specified.
 
XZ (88) End of time interval to inhibit satellite switch if minimum range is specified.
 
Units = Hours.
 
XE (89) Not used
 
00 
Table 4-2 (concl) 
CARD NUNBER DESCRIPTION 
XZ (90) Flag to specify plot output. 
1. Cone clock of planet limb and specified satellite 
10. Resolutions 
100. Smears 
1000. Numbers of pictures with resolution greater than a specified value; 
10000. Satellite phase angles, ranges,.,cone and clock angles 
100000. Sun-satellite-S/C angles, planet cone and clock, and planet range 
var (41-50) 
XZ (91 - 97) Not used. 
C­
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Table 4-3 Input Variable Identification - TV Characteristics
 
CARD NUMBER DESCRIPTION
 
XE (31 thiu 35) Instrument name
 
Xg (36) Focal length, cm
 
XE (37) Clear aperture diameter, cm
 
XE (38) Obscuration diameter, cm
 
XE (39) Optics transmission, Refl + absorp, fraction
 
Sensor dimensions, cm
 
Xg (40) Vertical, across scan lines
 
Xg (41) Horizontal, along scan line
 
XZ (42) Number of scan lines
 
XN (43) Number of pixels per scan line
 
Xz (44) Number of bits per pixel
 
2
 
XE (45) Minimum detectable exposure, ergs/m
 
2
 
Xg (46) Maximum or highlight exposure, ergs/cm

XE (47) Thru 50, minimum resolution levels
 
XE (51) Sensor response curve identification
 
Xg (52) Blue filter transmission curve ID
 
XE (53) Oreen filter
 
X9 (54) Red filter
 
Xg (55) Polarizing filter
 
XE (56) Exposure time
 
XE (57) Thru 58 open
 
Xg (59) Frame read time, seconds 
XE (60) Frame erase time, seconds 
XE (61) Picture taking start time (days) 
XR (62) Picture taking stop time (days) 
XE (63) Delta T per picture (min) - can be changed by program (see section 5.2) 
XE (64) Bulk storage capacity (bits) 
XE (65) Bulk zero state (bits) 
XE (66) Transmission bit rate, BPS 
XZ (67) Other instrument hit rates 
XE (68) Buffer capacity (bits) 
XE (69) Pictures per calculation step 
XE (70) Delta T per picture (min) fixed
 
Table 4-4 Input Variable Identification - Fields and Particles
 
CARD NUMBER DESCRIPTION
 
Magnetopause range (radii) (km)
36 

Bow shock range (radii) (km)
37 

Latitude mag pole (deg)
38 

Longitude mag pole (deg)
39 

Sensitivity of magnetometer (gauss>
40 
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Table 4-5 Variable to Tape Identification
 
TAPE NO. 

8 

9 
10 

1I 

12 

VARIABLE 

TT 

X(3) 

XP(3) 

XSAT(3) 

XE(3) 

R(3) 

PHASE 

RADP(3) 

TARGE(3) 

TARGP(3) 
RSAT(3) 

PHASES 

XSS(3) 

JDV 

EM 

TX 

BMINS 

DIRB(3) 

T 

SSV(8) 

SAF(8) 

HANG2 

DCNCLK 

TX 

REC(9) 

REL(9) 

RES 

SMR(9) 

SMRR(9) 

SMRS(9) 

SPSMR 

SPSMRS 

SPSMRR 

T 

PHASE (8) 

XRCC(3,8) 

TP 

PICS 

DEFINITION 

Time from periapsis (sec) 

Vector to S/C from planet 

Vector to planet from ref body 

'Vector to satellite of interest
 
Vector to Earth from sun
 
Range, cone and clock to planet 

Phase angle of planet (radians) 

Vector to picture ctr from S/C
 
Velocity vector of pie center
 
(camera coord)
 
Latitude & longitude of pic center
 
Range cone & clock of satellite 

Phase angle of satellite (rad) 

Vector to SIC from satellite
 
Julian date of interest
 
Emission angle
 
Time from periapsis (days) 

Minimum detectable B in gauss 

Mag, cone & clock magnetic flux
 
vector
 
Time from periapsis (days) 

Phase angle, 8 possible satellites
 
Half angle, 8 possible satellites
 
Angles subtended by planet
 
Sum of angular change to switch to 

sat,
 
Time from periapsis (days) 

Resolution at center of planet/ 

sat..
 
Resolution at limb of planet/sat. 

Resolution at center of primary 

body 

Vel of pic ctr due to orbit 

Smear in pixels planet/sat.
 
Vel of pic dtr due to S/C rotation
 
Vel due to orbit (principal body)
 
Vel due to SIC rotation (principal

body) 

Smear in pixels (principal body) 

Time from periapsis (days) 

Phase angle at 8 possible4 

satellites
 
Range, cone & clock to 8 satell­
ites
 
Time from periapsis (days) 

Acceptable pictures (reso better 

than)
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LOADED BY 

CACL
 
FIELDS 

i 

OTJAS 

$
 
SMEAR 

I 
OTJAZ 

MRLC 

MRLC 

READ BY
 
OTJAZ
 
OTJAZ
 
OTPLT
 
OTPLT
 
OTPLT
 
OTPLT
 
FIELDS

' 
OTJAZ
 
RESO/SMEAR
 
RESO
 
RESO
 
RESO
 
SMEAR
 
Ir
 
SMEAR 
0TJAZ
4 
MRLC
 
MRLC
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5. MODEL OPERATING PROCEDURES
 
5.1 Comment Cards Contained in Program - The operating proce­
dures are contained on comment cards as "User Instructions for Pro­
gram Input Requirements" at the front of the program. Table 5-1
 
is a listing of the comment cards.
 
The user should give special attention to the mandatory inputs
 
and those input variables that shall be used if not overridden by
 
input (canned or default values). The mandatory inputs are marked
 
on the comment card by an asterisk immediately preceding the input
 
code number. All "canned" values are listed in the user instruction
 
comment cards. When a run is made, a listing of all input used by
 
the program is made, and the user input values are defined by
 
comment (Appendix A). All other input used by the program was by
 
"default," since none was specified by the user.
 
5.2 Special Imaging Options - Because of the emphasis on imag­
ing, the following discussion is included to illustrate the optional
 
analysis modes available. The input described below does not elimi­
nate the mandatory input described above. The three general
 
options, with suboptions indicated, are as follows:
 
1) Purpose: Mission Simulation
 
Input
 
Number Input Description
 
61 Image start time (days)
 
62 Image stop time (days)
 
63 Delta time per calculation step* (min)
 
69 Number of pictures/calculation step**
 
22 Instrument Identification Code
 
Optional
 
Inputs
 
18 Spacecraft Identification Code
 
19 Spacecraft Rates (k)
 
20 ()
 
21 ()
 
*Number of calculation steps must not exceed 200
 
**Allows calculations every Nth picture, i.e., N = 10, allows
 
2000 pictures
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Table 5-1 Comment Cards
 
TOPS, (J-S-P) JUPITER ENCOUNTER, 1ot nEG FOV SIT CAMERA,
 
2 5,OOOOOO PLANET JUPITER (J'S-P)

3 2,0000000 SATEL EUROPA (J-I)
 
4 79014.69 DATE AT ENCOUNTER (SEE APPENDIX C FOR
 
6 102,00000 DEFINITION OF DATE FORMAT)
 
7 12706q.46 STATEI
 
8 213218.85 STATE2 PERIAPSIS VECTOR FROM LEADBETTERS
 
9 -13387.082 STATE3 79 JSP RUN TO MAXIMIZE SATELLITE
 
10 -290431552 STATE4 ENCOUNTER
 
II 17,610963 STATES
 
12 1I1418359 STATE6
 
22 120.00000 INSTIDINSTRUMENT 10 (TV, WIDE ANGLE SIT)
 
23 10000000
 
26 ..22200000
 
24 iSl.GSO0o
 
25 254.70000
 
26 -.16700000
 
24 141.34000
 
25 ZS4.62000
 
26 -.11100000
 
2q 125.66000
 
25 254.54000
 
26 -5-49999997-02
 
24 l00.92000'
 
25 264,46000
 
26 0.00000000
 
24 65.679999
 
25 254.37000
 
26 5.49999997-02
 
24 30#440000
 
25 247.18000
 
26 O11100000
 
24 5.7100000
 
25 224,92000
 
26 *16700000
 
24 9,9599999
 
25 38.300000
 
26 922200000
 
24 20,270000
 
25 70o049999
 
45 7.99999998-O6CHAR1OSIT MIN DETECTABLE EXp
 
46 1I99999998-03CHAR1ISIT HIGHLIGHT EXP
 
St 3O0000O00 NO
 
61 .1.5000000 TSTAR TIME FROM PERIAPSIS
 
62 1.5000000 TSToP I E FROM PERIAPSIS
 
63 5.0000000 DTINSTFICTURE TAKING INTERVAL CMIN)

64 100000000+09 TORAGE CAPACITY
 
65 0.00000000 BULK STORAGE ZERQ STATE
 
66 47400.000 BITRATTRANSMIT SIT RATE HALF FOR EACH CAMERA
 
67 640.00000 DATA RATE FROM OTHER INSTRUMENTS
 
68 2000000.0 BUFFER STORAGE CAPACITY
 
69 6.0000000 CALCSTPICTURES PER CALC STEP
 
81 72.000000 OPLoT CALC STEPS PER PLOT 1,5 DAYS PER PLOT
 
82 1 0000000 DPRNT CALC STEPS PER PRINT ­
90 1111111.0 
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Optional
 
Camera
 
Inputs
 
31 - 70. 
When the At between pictures (i.e., At per calculation step/#
 
pictures per calculation step) is less than the picture rate al­
lowable, as determined by the bulk storage and data bit rate, the
 
frame read time, or (in the case of a spinning spacecraft) the
 
spin rate (one picture/revolution) input (21), the At between
 
pictures is reset to be consistent with spacecraft capabilities.
 
2) Purpose: 	 Provide Summary and Graphic Data of TV
 
Pictures
 
Input
 
Number Input Description
 
22 Instrument identification
 
23 Flag to identify discrete input
 
24 Cone angle ( Up to 200 SETSJ 
25 Clock anglej cone, and clocks to 
26 Time from periapsis PLANET ONLY 
Optional 
Inputs 
18 Spacecraft ID 
19 Spacecraft rates (x) 
20 (4) 
21 ( ) 
31 - 70 Camera inputs 
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3) 	Purpose: To provide first cut information. Data com­
pressed about periapsis (generates 40 data points)
 
Input
 
Number Input Description
 
22 	 Instrument identification
 
61 Start and stop time from periapsis (days)
 
Optional
 
Inputs
 
18 Spacecraft ID
 
19 Spacecraft rates (W)
 
20 ()
 
21 (i)
 
31 - 70 	Camera input
 
The inputs described below are associated with the available
 
target viewing options. The option matrix describes the combina­
tion of inputs that yields the desired targets.
 
Input
 
Number 	 Description
 
03 	 Satellite number
 
85 	 Flag to specify satellite as principal body
 
for entire run
 
86 	 Minimum range at which camera switches to
 
satellite
 
87 Start inhibit camera switch to satellite*
 
88 Stop inhibit camera switch to satellite*
 
*The program will not switch to the satellite during the time
 
span indicated between inputs 87 and 88.
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Option Matrix
 
Input 
-Number 
Planet 
Data Only 
Switch to 
Specified
Satellite 
Switch to 
Closest 
Satellite 
Satellite 
as Viewed 
Body 
03 Not used Satellite number Not used Satellite 
number 
85 Not used Not used Not used 1 
86 Not used Minimum range Minimum Not used 
range 
87 Not used Not used Start Not used 
inhibit 
time 
88 Not used Not used Stop Not used 
inhibit 
time 
5.3 Example of Computer Input Cards - Table 5-2 is an example
 
of an actual data presentation model run (verification run 2-2 as
 
shown in Appendix A). In the input listing, cards 2, 3, and 4
 
provide the planet index number (5 for Jupiter), the satellite
 
index number (2 for Europa) and the calendar date (79011469 mean­
ing 69/100 days past the start or January 14, 1979).
 
Input 6 (with a value of 102) describes the six following num­
bers to be the planetocentric position vector components (km) and
 
the velocity vector components (km/sec) referenced to the ecliptic
 
and the vernal equinox of 1950. (A detailed description of vari­
able 6 is given in JPL Technical Memorandum 293-10, October 13, 1970,
 
"Orbit, A general Purpose Conic Orbit Program" by P.A. Roberts,
 
including applicable revisions).*
 
Card 22 states that the instrument identification number is
 
120, providing canned input TV characteristics for a SIT, wide­
angle camera. Card 23 having a value of 1 indicates that the user
 
will input cone and clock angles for TV'pointing at a specific
 
number of days from periapsis.
 
Nine sets of cards numbered 24, 25 and 26 follow, with cards
 
24 listing cone angle in degrees, cards 25 listing clock angle
 
in degrees, and cards 26 listing time from periapsis in days.
 
The first time input is -.222, which means 0.222 days (5 hours
 
and 20 minutes) before periapsis.
 
*This reference is included in Appendix C Vol II
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Table 5-2 User Instructions
 
C
 
C
 
C USER INSTRUCTTONS FOR PROGRAM INPUT REQUIREMENTS
 
C
 
C
 
C
 
C
 
C 01 NOT USED
 
C 
C * 02 IP IS THE NUMBER OF THE PLANET TO RE CONSIDERED 
C 
C 03 IVS IS THE NUMBER OF THE SATELLITE TO BE CONSIDERED (SEE 86)
 
C
 
C * 04 DATE IS THE TIME OF PERIAPSIS OR ENCOUNTER. DATE.GF.D MEANS
 
C DATEZl1G0O*YR + lOD*MO + DAY. WHERE YR IS THE LAST TWO
 
C DIGITS OF THE YEAR (1900 TO 19q9). MO IS THE MONTH NUMBER,
 
C JAN = I., AND DAY IS THE DAY OF THE MONTH INCLUDING FRACTIONAL
 
C nayS.
 
C
 
C 05 NOT USED
 
C
 
C * 06 A(2) INPUT FORM OF ORBIT (THE OPBIT CONVENTION IS USED. REF
 
C JPL TECHNICAL MEMOPANDUM 393-10 OCTOBER 13, 1970
 
C AUTHOR = P. H. ROBERTS
 
C
 
C * 07 At3) ORBIT INPUT X(I)
 
'C
 
C * 08 A(4) ORBIT INPUT X(2)
 
C
 
C * 09, A(5) ORBIT INPUT X(3)
 
C
 
C * 10 A(S) ORBIT INPUT X(4)
 
C 
C * 11 A(7) ORBIT INPUT X(5) 
C 
C * 12 A(8) ORBIT INPUT X(6)
 
C
 
C 13 NOT USED
 
C 
C 14 NOT USED 
C 
C 15 NOT USED 
C 
C i NOT USED 
C 
C 17 NOT USED 
C 
C 18 NSC SPACE CRAFT MODEL 
C = -1. SUN ORIENTED (TOPS) 
C = 0. EARTH ORIENTED (TOPS) 
C = 1. EARTH ORIENTED (PIONEER) 
C = 2. EARTH ORIENTED - SPIN RATES INPUTS 19 THRU 21 
C 
C 19 ROTW(I)= PITCH RATE (DEG/SEC 
C 
C 20 ROTW(2)= YAW RATE (DEG/SEC) 
C 
C 21 ROTWI3)= ROtL RATE (DEG/SEC) 
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Table 5-2 (coat)
 
C 
C * 22 INST INSTRUMENT ID 
C = 110. NARROW ANGLE SIT TOPS) 
C = 120. WIDE ANGLE SIT (TOPS) 
C = 130. NARROW ANGLE SILICON VIDICON 
C = 140. WIDE ANGLE SILICON VIDICON 
C = 150. NARROW ANGLE SEC VIDICON 
C = 160. WIDE ANGLE SEC VIDICON 
C = 210. FIELDS AND 'ARTICLES PLOTS ONLY 
C = 310. IR (NOT AVATLABLE) 
C = 410. UV (NOT AVAILABLE) 
C 
C 23 IMODE MODE DESCRIPTION 
C =O.USES BUILT IN TIME STEPS (UNLESS OVERRIDDEN MY TV 
C CHARACTERISTICS 63 AND 69). PICTURE CENTER WILL BE 
C ALIGNED WITH RADIUS VECTOR OR TO CENTER OF LIT LIMB 
C IF RADIUS VECTOR IS IN THE SHADOW. 
C =1.USER WILL INPUT DISCRETE TIME FROM ENCOUNTER (26 
C CONE ANGLE f24) AND CLOCK ANGLE (25) 
C 
C 24 CCONE CONE ANGLE (DEG) 
C 
C 25 CCLOCK CLOCK ANGLE (DEG) 
C 
C 26 TT TIME FROM ENCOUNTER (DAYS) 
C USER MAY INPUT UP TO 200 CARD SETS 24,25 AND 26 
C 
C 27 NOT USED 
C 
C 28 NOT USED 
C 
C 29 NOT USED 
C 
C 30 NOT USED 
C 
C 31-70 INSTRUMENT CHARACTERISTICS 
C
C
C 
C TV ELEMENTS
 
C
 
C
 
C 31 TVNAME(1) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS
 
C
 
C 32 TVNAME(2) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS
 
C
 
C 33 TVNAME(33 INSTRUMENT NAME S ALPHANUMERIC CHARACTERS
 
C
 
C 34 TVNAME(4) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS
 
C
 
C 35 TVNAMEf5I INSTRUMENT NAME S ALPHANUMERIC CHARACTERS
 
C
 
C 36 PI) FOCAL LENGTH (CM)
 
C
 
C 37 PIT) CLEAR APERATURE DIA. (CM)
 
C
 
C 38 P48) OBSCURATION DIA. (CM)
 
C
 
C 39 P(9) OPTICS TRANSMISSION FRACTION
 
C
 
C 40 P(10) VERTICAL DIMENSION (CM), ACROSS SCAN LINES
 
C
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Table 5-2 (cont) 
C 41 P(ll) HORIZONTAL DIMENSION (CM), ALONG SCAN LINES 
C 
C 42 P(12) NUMBER OF SCAN LlNFS 
C 
C 43 Pt13) NUMBER OF'PIXELS prR SCAN LINE 
C 
C 44 PC 14) NUMBER OF BITS PER PIXEL 
C 
C 45 P(I1) MINIMUM DETECTABLE EXPOSUPE (ERGS/CM**2) 
C 
C 46 P916) MAXIMUM OR HIGHLIGHT EXPOSURE (ERGS/CM**2) 
C 
C 47 P(17) MINIMUM RFSOLUTION LEVEL 1 (KM/PIXEL) 
C 
C 48 P(181 MINIMUM RESOLUTION LEVEL 2 (RM/PIXEL) 
C 
C 49 P(191 MINIMUM RESOLUTION LEVEL73 (KM/PIXEL) 
C 50 P(20) MINIMUM RESOLUTION LEVEL 4 (KM/PIXEL) 
C 
C 51 P(21) SENSOR RESPONSE CURVE TOENTIFICATION 
C 
C 52 P(22) BLUE FILTER TRANSMISSION CURVE IDENTIFICATION 
C 
C 53 P(23) GREEN FILTER TRANSMISSION CURVE IDENTIFICATION 
C 
C 54 P(24) RED FILTER TRANSMISSION CURVE IDENTIFICATION 
C 
C 55 P(25) POLARIZING FILTER TRANSMISSION CURVE IDENTIFICATION 
C 
C 56 P(26) EXPOSURE TIME (SEC) 
C 
C 57 P(27) NOT USED 
C 
C 58 P(28) NOT USED 
C 
C 59 P(29) FRAME READ TIME (SEC) 
C 
C 6 P(30) FRAME ERASE TIME (SEC) 
C 
C 61 P(31) PICTURE TAKING START TIME (DAYS 
C 
C 62 P(32) PICTURE TAKING STOP TIME (DAYS) 
C 
C 63 P(33) DELTA T PER PICTURE (MIN) -WILL OVERRIDE CANNED TIME STEP, 
C 
C 64 P(341 BULK STORAGE CAPACITY (BITS) 
C 
C 65 P(35) BULK ZERO STATE (BITS) 
C 
C 68 P(36) TRANSMISSION BIT PATE (BPS) 
C 
C 67 P137) OTHER INSTRUMENT BRT RATES (BPS) 
C 68 P(38) BUFFER CAPACITY (BITS) 
C 
C 69 P(39) PICTURES PER CALCULATION STEP (SEE 63 FOR SIZE OF PROGRAM STEP) 
C 
C 70 P(40) NOT USED 
C
C 
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Table 5-2 (cont)
 
C FP ELEMENTS 
C 
C 
C 31 TVNAME(1) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS 
C 
C 32 TVNAME42) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS 
C
 
C 33 TVNAME(3) INSTRUMENT NAME G ALPHANUMERIC CHARACTERS
 
C
 
C 34 TVNAME(4) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS
 
C
 
C 35 TVNAME(5) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS
 
C
 
C 36 P(G) MAGNETOPAUSE RANGE (PLANET oADII)
 
C
 
C 37 PM7) SOW SHOCK RANGE (PLANET RADII)
 
C
 
C 38 P(S) LATITUDE OF MAGNETIC POLE (DEG)
 
C
 
C 39 P(9) LONGITUDE OF MAGNETTC POLE (DEG)
 
C
 
C 40 P(1D) INSTRUMENT SENSITIVITY (GAUSS)
 
C
 
C 41 THRU 70 NOT USED
 
C
 
C
 
C 71 THRU.8O NOT USED
 
C
 
C 81 IFLPL PLOT INTERVAL NUMBER OF CALCULATION STEPS BETWEEN PLOTS
 
C
 
C 82 IFLPR PRINT INTERVAL NUMBER OF CALCULATION STEPS BETWEEN PRINT OUTS
 
C
 
C 83 NOT USED
 
C
 
C 84 NOT USED
 
C
 
C 85 IFLT SATELLITE FLAG. IF VARIABLE IS INPUT GE I. AND VARIABLE 3
 
C IS INPUT qE I. THAN TV DATA WILL RE GENERATED ONLY FOR THE
 
C SATELLITE SPECIFIED BY VARIABLE 3.
 
C
 
C 86 XZ(86) MINIMUM RANGE TO START SATELLITE SWITCH
 
C NOTE 1. IF VARIABLE 3 IS GE 1. AND VARIABLE 86 IS 6T 0.
 
C THAN TV DATA WILL 8F GENERATED FOR THIS SATELLITE (3)
 
C WHEN ITS RANGE IS LESS THAN VARIABLE 88.
 
C NOTF 2. IF VARIABLF 3 IS FO 0. AND VARIABLE 86 IS ST 0.
 
C THAN TV DATA WILL BF GENERATED FOR THE CLOSET
 
C SATELLITE WITH RANGE LESS THAN VARIARE 86.
 
C
 
C 87 START TIME FROM ENCOUNTER (HRS) DURING WHICH SATELLITE
 
C SWITCHING WILL BE INHIBITED
 
C
 
C 88 STOP TIME FROM ENCOUNTER (HRS) DURING WHICH SATELLITE
 
C SWITCHTNG WAS INHIBITED.
 
C
 
C 89 NOT USED
 
C
 
C 90 Z9OUT PLOT FLAG. S1X DIGIT NUMBER
 
C DIGIT I GE 1. FOR PLOT OF CONE-CLOCK OF PLANET LIMB
 
C AND SPECIFIED SATELLITE (31
 
C DIGIT 2 GE 1. FOR TV RESOLUTION PLOTS
 
C DIGIT 3 GE 1. FOR TV SMEAR PLOTS
 
C DIGIT 4 GE 1. FOR "PICTURES WITHIN SPECIFIED RESOLUTION LEVELS'
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Table 5-2 (coant) 
C PLOTS
 
C DIGIT 5 GE 1. FOR PLOTS OF SATELLITE RANGE. EARTH-SAT-S/C
 
C ANGLE, SATELLITE CONE ANGLE, SATELLITE CLOCK
 
C ANGLE, SUN-SAT-S/C ANGLE, AND SATELLITE HALF
 
C ,ANGLE VS TIME.
 
C DIGIT 6 GE 1. FOR PLOTSOF PLANET RANGE, EAPTH-PLANET-S/C
 
C ANGLE, PLANET CONE ANGLE, AND PLANET CLOCK
 
C ANGLE VS TIME.
 
C
 
C * 96 XZ(96) RESTART FLAG. VARIABLE EQ 0 FOR FOLLOWING CARDS TO BE CHANGES 
C OR ADDITIONS ONLY. VARIABE EQ I AND ALL PREVIOUS DATA WILL BE 
C DELETED BEFORE NEXT CASE IS RUN. VARIABLE ST I FOR PROGRAM 
C TERMINATION.
 
C
 
C 97 DO NOT USE
 
C
 
C * 98 XZ(98) FLAG TO SPECIFY END OF DATA CASE 
C
 
C * 99 XZ(99) FLAG TO TERMINATE ENTIRE PROGRAM
 
C
 
C
 
C * NOTE -------- ASTERISK MEANS THAT THIS VARIABLE MUST RE PRESENT FOR,
 
C THE CORRECT RUNNING OF THE PROGRAM
 
C
C
C 
C
 
C
 
C USER INSTRUCTIONS FOR PROGRAM OPERATION
 
C
C 
C
 
C
 
C 1. NOTE ------- A HEADER CARD WHTCH MAY RE WRITTEN IN ANY FORMAT MUST
 
C PROCEED EACH DATA EVEN IF THAT DATA CASE IS ONLY A 99
 
C CARD. THE INFORMATION PUNCHED ON THE HEADER CARD WILL BE
 
C PRINTED OUT AT THE TOP OF EACH PAGE OF OUTPUT.
 
C
 
C 2. NOTE --.... T4E FORMAT FOR ALL DATA CARDS WITH THE EXCEPTION OF THE
 
C HEADER CARD 'IS AS FOLLOWS
 
C
 
C FORTRAN
 
C COL FORMAT DESCRIPTION
 
C
 
C 1- 2 12 TWO DIGIT VARIABLE NUMBER
 
C 3-17 615.8 VARIABLE (FLOATING NUMERIC DATA ONLY)
 
C 18-23 AG VARIABLE (G ALPHANUMERIC CHARACTERS)
 
C 24-77 SAG COMMENT (ALPHANUMERIC DATA)
 
C 78-79 A2 COMMENT (ALPHANUMERIC DATA)
 
C 80 NOT USED
 
C
 
C
 
C 3. NOTE ---.-. WHEN A VARIABLE IS NOT SPECIFIED BY A DATA CARD THE PROGRAM 
C WILL USE THE FOLLOWING CANNED VALUES
 
C
 
C 03 0.0 SEE SATELLITE OPTION INPUT 86
 
C 18 0.0 EARTH ORIENTED TOPS S/f
 
C 19 0.01 PITCH RATE (DES/SEC)
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Table 5-2 (coat) 
C 20 0.01 YaW RATE (DErISEC) 
C 21 0.01 ROLL PATE (P-EG/SEC) IF 18=-i. OR 0. 
C 21 90.00 ROLL RATE (OEG/SEC) IF 18= 1. 
C 23 0.0 RADIUS POINTING MODE 
C 
C IF INST (XZ(22)1 r Io. 
C 
C 31 SIT NA 
C 32 PROW A 
C 33 NOLE C 
C 34 AlMERA 
C 35 (CANO) 
C 36 200.0 
C 37 23.0 
C 45 8.E-6 
C 46 ?0.E-4 
C 51 1.0 
C 56 0.001 
C 57 0.0 
C 58 0.0 
C 59 0.0 
C 60 0.0 
C 
C IF INST (XZt22)) - 120. 
C 
C 31 -SIT WI 
C 32 DE ANG 
C 33 LE CAM 
C 34 ERA 
C 35 (CAND) 
C 36 20.0 
C 37 5.0 
C 45 8.E-6 
C 46 20.E-4 
C 51 1.0 
C 56 0.0001 
C 57 0.001 
C 58 0.010 
C 59 40.0 
C 60 0.1 
C 
C IF INST 1XZ(22)) r 130. 
C 
C 31 SI NAR 
C 32 ROW AN 
C 33 GLE CA 
C 34 MERA 
C 35 
C 36 200.0 
C 37 23.0 
C 45 2.E-3 
C 46 0.5 
C 51 1.0 
C 56 0.05 
C 57 O.1 
C 58 .5 
C 59 40.0 
C 60 0.1 
C 
C IF INST (XZ(22)) - 140. 
C 
C 31 SI WID 
5-11 
C .32 

C 33 

C 34 

C 35 
C 36 
C 37 
C "45 
C 46 
C 51 
C 56 
C 57 
C 58 
C 59 
C so 
C 
C IF INST 

C 
C 31 
C 32 

C 33 

C 34 

C 35 

C 38 
C 37 

C 45 
C 46 
C 51 
C 56 
C 57 
C 58 

C 59 
C 60 
C 
C IF INST 

C 
MCR-71-181 
Table 5-2 (contl 
E ANGL
 
E CAME
 
RA
 
20.0
 
5.0
 
2.E-3 
0.5
 
1.0
 
0.05 
0.1
 
0.5
 
40.0 
0.1
 
CXZ(22)) r 150.
 
OPE 2 
DEG RO
 
V CAME
 
RA SEC
 
TUBE
 
50.8 
7.62
 
.0001
 
.01 
1.0
 
0.4
 
0.1
 
0.01
 
40.0
 
0.1 
(XZ(22)) 160.
 
C 31 SEC WI 
C 32 DE ANG 
C 33 LE CAM 
C 34 ERA 
C 35 
C 36 1.524 
C 37 1O.Ir 
C 45 0.0001 
C 46 0.01 
C 51 1.0 
C 58 0.1 
C 57 0.01 
C 58 0.001 
C 59 40.0 
C 60 0.1 
C 
C FOR ALL TV INSTRUMENTS 
C 
C 38 0.0 
C 39 0.85 
C 40 1.60 
C 41 1.80 
C 42 800.0 
C 43 8O.O 
C 44 8.0 
C 47 300.0 
C 48 100.0 
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Table 5-2 (concl)
 
C 49 50.0 
C 50 10.0 
C 52 1.0 
C 53 1.0 
C 54 1.0 
C 55, -1.0 
C GI -1.5 
C 62 1.5 
C 63 15.0 
C 64 1.E+9 
C 65 0.0 
C G 474.E.2 
C 67 100. 
C 68 P(14)*P(121*P(13) 
C 69 4. 
C 
C 
70 P(331 
C 
C IF INST = 210. 
C 
C 31 FIELDS 
C 32 AND P 
C 33 ARTICL 
C 34 E INST 
C 35 RUMENT 
C 36 - 51.6 (JUPITER), 63.0 (SATURN) 
C 37 G5.8 (JUPITFR), 80.3 (SATURN) 
C 38 80.0 (JUPITER), 90.0 (SATURN) 
C 39 190.0 (JUPITER), 0.0 (SATURN) 
C 40 2.E-6 
C 
C 
C 81 1.0 
C 82 1.0 
C 85 0.0 
C 86 0.0 
C 87 0.0 
C 88 0.0 
C 90 0.0 
C 
C 
C
 
C-

C END OF USER TNSTRUCTTONS 
C
 
C
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The next input variables are found on card 45, which gives
 
the minimum detectable exposure (8 x 10-6 ergs/cm2), and on card
 
46, which gives maximum or high light exposure (2 x 10 -3 ergs/cm2).
 
Card 51 provides for the use of sensor curve number 1, while cards
 
61 and 6 establish a start and stop time of ±1.5 days. Card
 
63 provides for an interval of 5 minutes between pictures. Cards
 
64 through 68 describe the spacecraft memory storage capacity as
 
a bulk storage of 108 bits with no bits stored initially, a bit
 
transmission rate allocated to this camera of 47,400 bits per
 
second requiring transmission from other iistruments, and a buffer
 
storage capacity of 2 x 106 bits.
 
Card 69 provides for six pictures per calculation step, and
 
cards 81 and 82 provide for 72 calculation steps from -1.5 to
 
+1.5 days, and a data printout for each calculation.
 
Card 90 calls for all possible summary plots to be plotted.
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6. MODEL SUBROUTINES
 
One hundred six subroutines are employed by the main program

to constitute the model itself. 
Since there is clear disparity
between the subroutines in regard to 
their source and complexity,

the following four classifications were established.
 
6.1 Subroutine Classification 

- The first classification
 
includes routines supplied at the start of the contract by JPL.
For this first classification, a simple descriptive sentence is
 
given.
 
A second classification contains the major subroutines de­
veloped during the contract, the complexity of which requires a
flow diagram and listing to aid in their understanding.
 
A third classification contains a few minor subroutines that
 
are simple enough to be described by a short description. A
 
tlisting'is also included.
 
The last classification is 
a set of translation routines
 
that accept the name of various CDC 6000 system plotting sub­
routines and perform the same functions on the Univac 1108 com­
puter using the Univac system plotting routines.
 
6.2 Subroutines Supplied by JPL
 
Function ABSV
 
Purpose: To obtain the absolute value of a vector.
 
Calling Sequence: ABSV (A)
 
Function ANGV
 
Purpose: To determine the angle between two vectors.
 
Calling Sequence: ANGV(A,B,I)
 
Function ANOMLY
 
Purpose: 
 To convert between true, mean, and eccentric
 
anomalies.
 
Calling Sequence: ANOMLY (EE, ANGLE)
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Subroutine ARC
 
Purpose: Used for orthographic projections, when the
 
picture frame falls off of the planet.
 
Calling Sequence: CALL ARC
 
Subroutine ARCSTP
 
PrpQse: 	To establish the number of degrees in the arc
 
to be plotted, by either subroutine PLTARC or
 
subroutine SATARC, as a straight line.
 
Calling Sequence: CALL ARCSTP (S)
 
Subroutine CALNDR
 
Purpose: 	 To convert between Julian, modified Julian,
 
and calendar dates.
 
Calling Sequence: CALL CALNDR (DOUT, 10, DIN, II)
 
Subroutine CPLANN
 
Purpose: To obtain the equinox and pole vectors and the
 
gravitational constant of the planet of in­
terest.
 
Call Sequence: CALL CPLANN (IP)
 
Subroutine CTRANS
 
Purpose: 	 To transform a vector in latitude and longitude
 
coordinates to one of three alternate Cartesian
 
systems.
 
Calling Sequence: CALL CTRAiS (V, IV)
 
Subroutine DISK
 
Purpose: To plot the disk of an indicated planet (and
 
rings of Saturn if applicable).
 
Calling Sequence: CALL DISK (IP, ISV, GRID, ADVANC, MOVIE)
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Function DOT
 
Purpose: To determine the DOT product of two vectors.
 
Calling Sequence: DOT (A,B,V)
 
Subroutine ERR
 
Purpose: To enable trace routine, by setting the variable
 
trace equal to 5HTRACE.
 
Calling Sequence: CALL ERR
 
Subroutine EUREKA
 
Purpose: To determine a vector from a planet center to
 
the pierce point of a vector directed from the
 
spacecraft. The resulting vector is given in
 
two coordinate systems; ecliptic - equinox, and
 
planetocentric - prime meridian.
 
Calling Sequence: CALL EUREKA (VQ, VC, PC, P)
 
Subroutine FEB
 
Purpose: To supply subroutine CALNDR with number of days
 
in the month February.
 
Calling Sequence: CALL FEB.
 
Subroutine FIND
 
Purpose: To find the planetocentric puncture point of
 
the camera frame on the planet's surface in
 
prime meridian - pole vector system.
 
Calling Sequence: CALL FIND (VQI, LD, I)
 
Subroutine FPLOT
 
Purpose: 	To plot the angular limits of the TV frame
 
field of view as projected on the planet sur­
face and as seen from the spacecraft.
 
Calling Sequence: CALL FPLOT (VQ)
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Subroutine FRAME
 
Purpose: 	 To provide unit vectors to the corners, center
 
of each edge, and frame center of a camera field
 
of view.
 
Calling Sequence: CALL FRAME (P,FOVl,FOV2)
 
Subroutine JOVSAT
 
Purpose: 	 To determine the position vector of a specific
 
satellite of the planet Jupiter for a given in­
put Julian date.
 
Calling Sequence: CALL JOVSAT (X,JP,IP)
 
Subroutine LOCATE
 
Purpose: 	 To establish a camera coordinate system around
 
the input cone and clock angles and to deter­
mine a vector from the:planet center that in­
tersects the cone and clock vector at the
 
planet surface.
 
Calling Sequence: CALL LOCATE (VQ, CONE, CLOCK, TWIST)
 
Subroutifte LOOK
 
Purpose: 	 To determine the cone and clock angles to a
 
given latitude and longitude on a planet sur­
face giving a particular viewing direction and
 
distance.
 
Calling Sequence: CALL LOOK (DUM, CONE, DLOCK, LAT, LONG)
 
Subroutine MERIDN
 
Purpose: 	 To plot a given number of meridian circles on
 
the planet disk.
 
Calling Sequence: CALL MERIDN (PV, PM, QL)
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Subroutine NEPSAT
 
Purpose: To determine the position vector of a specific
 
satellite of the planet Neptune for a given in­
put,Julian Date.
 
Calling Sequence: CALL NEPSAT (X,JD,IS)
 
Subroutine ORBIN
 
Purpose: 	 To accept descriptions of the spacecraft orbit
 
in various forms and provide a standard set of
 
orbit elements for use of other subroutines.
 
Calling Sequence: CALL ORBIN (X,I)
 
Subroutine ORBPOS
 
Purpose: To determine the planetocentric position of
 
spacecraft at a given time from periapsis.
 
Calling Sequence: CALL ORBPQS (XTT)-

Subroutine ORBVEL
 
Purpose: To determine the planetocentric velocity of
 
spacecraft at a given time from periapsis.
 
Calling Sequence: CALL ORBVEL (X,TT)
 
Subroutine PARLEL
 
Purpose: To plot a given number of latitude parallels on
 
the plot of the planet's disk.
 
Calling Sequence: CALL PARLEL (PV, PM, QL)
 
Subroutine PENUP
 
Purpose: 	 To set pen control flag equal to "up" and to
 
effect the blanking of the beam during the use
 
of subroutine VPLOT.
 
Calling Sequence: CALL PENUP
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Subroutine PGLOBE
 
Purpose: 	 To determine a planetocentric ecliptic unit
 
vector to zero latitude and zero longitude of
 
a planet.
 
Calling Sequence: CALL PGLOBE (PM, JD, IP)
 
Subroutine PLANET
 
Purpose: 	 To load the planet constants into the appro­
priate "COMMON" statements.
 
Calling Sequence: CALL PLANET (T)
 
Subroutine PLASAT
 
Purpose: To calculate position vector R(3) in planeto­
centric, equatorial, and ecliptic coordinates
 
of 1950. Distance unit kilometers.
 
Calling Sequence: CALL PLASAT (R, JD, IS, IP)
 
Subroutine PLCON
 
Purpose: 	 To provide constants relating the planet of
 
interest or the sun and constants that allow
 
determination of the planet's orbital elements.
 
Calling Sequence: CALL PLCON
 
Subroutine PLPOS
 
Purpose: 	 To determine position of a planet with respect
 
to the helicocentric eliptic and equinox of
 
date.
 
Calling Sequence: CALL PLPOS (X,JD,IP)
 
Subroutine PLTARC
 
Purpose: 	 To plot the visible points of the locus of
 
tip of planetocentric vector as it rotates
 
around an input vector axis and through an
 
input angle.
 
Calling Sequence: CALL PLTARC (R,PV,ARC)
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Subroutine PLVEL
 
Purpose; To determine heliocentric ecliptic velocity of
 
a planet.
 
Calling Sequence: CALL PLVEL (V,JD,IP)
 
Subroutine PPLOT
 
Purpose: To plot an alphanumeric word (up to six char­
acters) starting at a specified point.
 
Calling Sequence: CALL PPLOT (Y, X, BUF, LABLE)
 
Subroutine PRECS
 
Purpose: To adjust the pole vector of Jupiter to account
 
for precessioh ... .... 
Calling Sequence: CALL PRECS (TC,X,Y) 
Subroutine PSCONS 
Purpose: To obtain constants of the various satellites 
of the planet.
 
Calling Sequence: CALL PSCONS (QUAN, QNAM, IS, IP)
 
Subroutine RCNCLK
 
Purpose: To transform a vector in ecliptic equinox
 
coordinates to range and cone and clock angles
 
referenced to the sun (or Earth)
 
Calling Sequence: CALL RCNCLK (R,S)
 
Subroutine SATARC
 
Purpose: 	 To plot the visible points of the locus of the
 
tip of a satellite-centered vector as it rotates
 
through an input angle.
 
Calling Sequence: CALL SATARC (R,PV,RS,ARC)
 
6-7
 
MCR-71-181
 
Subroutine SATS
 
Purpose: 	 To plot a range of points at regular time in­
tervals along the orbits of the satellites of
 
a planet as seen from a given viewpoint. A
 
second option used by the program puts the po­
sition at a given time.
 
Calling Sequence: CALL SATS (SATI, SATSL1, IP,ISU,JDV,DT)
 
SATSAT
Subroutine 

Purpose: 	 To determine the position vector of a specific
 
satellite of the planet Saturn for a given in­
put Julian date.
 
Calling Sequence: CALL SATSAT (X,JD,IS)
 
Subroutine SCPRNA
 
Purpose: To annotate a plot with 48 possible characters,
 
at a location and orientation that are flexible
 
and controlled by various inputs.
 
Calling Sequence: CALL SCPRNA (BUS, IY, IX, J, AN LABLE, L)
 
Subroutine SDINIT
 
Purpose: To load the scaling factors, both absolute and
 
relative, into the variable "BUF."
 
Calling Sequence: CALL SDINIT (BUF, I, RELU, ABSU)
 
Subroutine SDNPUT
 
Purpose: To provide a plotting facility for subroutine
 
VPLOT.
 
Calling Sequence: CALL SDNPUT (Y,X,BUF,DUM)
 
Subroutine SHADER
 
Purpose: 	 To shade the dark side of the plot of a planet
 
with a pattern of dots in order to define the
 
sunts terminator.
 
Calling Sequence: CALL SHADER (SHADE, SN)
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- Subroutine SINTRP 
Purpose: To blank plotting beam by setting first value of
 
the buffer array equal to zero.
 
Calling Sequence: CALL SINTRP (BUF)
 
Subroutine SOLPER
 
Purpose: To correct the position of Saturn's rings to
 
account for solar pressure.
 
Calling Sequence: CALL SOLPER
 
Subroutine SPHERE
 
Purpose: To transform a vector between cartesian and
 
spherical coordinates.
 
Calling Sequence: CALL SPHERE (V,A,I,J,K)
 
Subroutine SRINGS.
 
Purpose: To plot five circles about Saturn to represent
 
rings.
 
Calling Sequence: None
 
Subroutine STERM
 
Purpose: To close the plotting routines and terminate
 
the program.
 
Calling Sequence: CALL STERM (BUF)
 
Subroutine TCONV
 
Purpose: To convert between time in days, hours, minutes,
 
seconds, or mixed.
 
Calling Sequence: CALL TCONV (TT, Units, time, UNIN)
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Subroutine UCROSS
 
Purpose: 	 To perform a cross product between two vectors
 
and obtain unit vector parallel to product.
 
Calling Sequence: CALL UCROSS (V,A,B)
 
Subroutine URASAT
 
Purpose: 	 To determine the position vector of a specific
 
satellite of the planet Uranus for a given in­
put Julian date.
 
Calling Sequence:, CALL URASAT (RR,DEJ,IS)
 
Subroutine VAXIAL
 
Purpose: To set a vector of any magnitude in the direc­
tion of one of the coordinate axes.
 
Calling Sequence: CALL VAXIAL (V,S,K)
 
Subroutine VCOMB
 
Purpose: To combine (add) two vectors multiplied by two
 
scalars.
 
Calling Sequence: CALL VCOMB (V,A,SA,B,SB)
 
Subroutine VCROSS
 
Purpose: To perform a cross product multiplication be­
tween two input vectors.
 
Calling Sequence: CALL VCROSS (V,A,B)
 
,Subroutine VDIF
 
Purpose: To determine the value of a vector, V, which
 
is the difference between two other vectors,
 
A and B.
 
Calling Sequence: CALL VDIF (V,A,B) 
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Subroutine VECTOR
 
Purpose: To load unit vectors into the appropriate COM-

MON statement and load the variable LABEL into
 
COMMON TRA.
 
Calling Sequence: CALL VECTOR (LABEL)
 
Subroutine VEQUAL
 
Purpose: To set one vector equal to another.
 
Calling Sequence: CALL VEQUAL (V,A)
 
Subroutine VLOAD
 
Purpose: To load a subscripted vector with three Cartesion
 
values X, Y, and Z.
 
Calling Sequence: VLOAD (V,X,Y,Z)
 
Subroutine VPLOT
 
Purpose: To plot the locus of a radial vector orginating
 
at the center of a planet, providing that the
 
tip of the vector is visible from the viewpoint
 
of the plot. The plot is in the form of a con­
tinuous line.
 
Calling Sequence: 	 CALL VPLOT (EX, DUMI, DUM2, DUM3, DUM4,
 
DUMS, DUM6, DUM7)
 
Subroutine VPPLT
 
Purpose: 	 To plot an input symbol at the tip of a planeto­
centric vector, providing that the tip is visible
 
from the viewpoint of the plot.
 
Calling Sequence: 	 CALL VPPLT (RX, SYMBOL, DUMI, DUM2,
 
DUM3, DUM4, DUM5, DUM6)
 
Subroutine VPROJ
 
Purpose: To establish the type of projection for Sub­
routines VPLOT and'VPPLT
 
Calling Sequence: CALL VPROJ
 
6-11
 
MCR-71-181
 
Subroutine VPRINT
 
Purpose: To print a six character input word and a float­
ing point vector number.
 
Calling Sequence: CALL VPRINT (V, LABEL)
 
Subroutine VROTAT
 
Purpose: To rotate a vector around a specified axis by
 
a given angle.
 
Calling Sequence: Call VROTAT (V,A,B,S)
 
Subroutine VROTAX
 
Purpose: To rotate a vector around one of the Cartesian
 
axes bya given angle.
 
balling Sequence: Call VROTAX (V,A,K,S)
 
Subroutine VSCALE
 
Purpose: To multiply an input vector by a scalar.
 
Calling Sequence: CALL VSCALE (V,A,S)
 
Subroutine VSUM
 
Purpose: To determine the value of a vector, V, which is
 
the sum of two other vectors, A and B.
 
Calling Sequence: CALL VSUM (V,A,B)
 
Subroutine VTRANS
 
Purpose: To provide a mqthod of transferring a yector
 
between two Cartesian systems.
 
Calling Sequence: CALL VTRANS (V,A,J,B,C)
 
Subroutine VUNIT
 
Purpose: To determine a unit output vector parallel to
 
input vector.
 
Calling Sequence: CALL VUNIT (V,A) 
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Subroutine VVIEW
 
Purpose: 	To determine a vector from or to a planet or
 
from a specified viewpoint.
 
Calling Sequence: CALL VVIEW (Q, NVW, VIEW, IVW, IP2)
 
Subroutine VZERO
 
Purpose: 	 To set a vector equal to zero.
 
Calling Sequence: CALL VZERO (V)
 
Subroutine ARROCC
 
Purpose: 	To draw vectors with numeric labels to the re­
quested bodies.
 
Calling Sequence: CALL ARROCC (ARROW, 0CC, FR, NVW)
 
6.3 Major Subroutines Developed under Contract
 
6.3.1 CACL
 
Purpose: 1) Find vectors to planet from sun or Earth
 
and spacecraft from planet.
 
2) Find range, cone and clock angles from
 
spacecraft to satellite or planet.
 
3) Find longitude and latitude of picture
 
center.
 
4) Find phase angle (sun to planet/satel­
lite to spacecraft).
 
5) Find vector to picture center from space­
craft.
 
6) 	Find velocity vectors of spacecraft­
planet motion and spacecraft rotational
 
motion.
 
7) Find power density to TV lens and to TV
 
sensor, energy of exposure and adjust
 
exposure time if required.
 
8) Determine digital characteristics of ex­
posure level.
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Calling Sequence: CALL CACL
 
Input/Output:
 
I/0 FORTRAN Name 
I B 
I CCONE(200) 
I CCLOK(200) 
0 DCNCLK(8) 
0 DROTV(3) 
0 DTARE(3) 
I EFB 
0 EM 
0 ENERGY 
0 EPERDN-
O FRACT. 
0 HANG2 
0 IDN 
I IMODE 
I IP 
0 IPCN 
I IVS 
I/0 JDV 
0 NDN 
I NREC 
I NSC 
I/O P(26) 
O P(51) 
0 PERCT 
0 PHAS(8) 
0 PHASE 
0 PHASED 
o PHASEP 
-0 PHASES 
I PM(3) 
0 POWER 
0 POWLN 
I PV(3) 
0 R(3) 
O RADP(3) 
0 RCCL(3) 
0 ROTV(3) 
I ROTW(3) 
Definition
 
Brightness of planet surface
 
Cone angle user's input
 
Clock angle, user's input
 
Total angle change to switch to satellite
 
Picture center velocity due to S/C rotation rates
 
Picture center velocity due to orbital velocities
 
Effective brightness of planet surface
 
Emission angle
 
Energy of exposure (ergs/cm2 )
 
Digital number of calculated exposure
 
Fraction of dynamic range for exposure
 
Angle subtended by planet
 
Digital number (available shades of gray)
 
Instrument mode = 0 instrument sighted down radius vector
 
= 1 userts cone and clock'angles
 
Planet index number
 
Picture number
 
Satellite index number, if specified
 
Julian date of interest
 
Exposure, expressed in a digital number
 
Index of user's cone and clock angle
 
Spacecraft type number, = -1, Sun oriented
 
I = 0 or I Earth oriented
 
Instrument characteristics-- exposure time (sec)
 
Instrument characteristic - T/number for camera
 
Percent of dynamic range equivalent of exposure
 
Phase angle for eight possible satellites
 
Phase angle of planet (radians)
 
Phase angle of planet (deg)
 
Phase angle of specified satellite (deg)
 
Phase angle of specified satellite (radians)
 
Prime meridan vector at date of interest
 
Power density on;sensor (ergs/cm 2/sec)
 
Power density at lens (ergs/cm2/sec)
 
Planet pole vector
 
Range, cone & clock angles to planet from S/C
 
Vector to picture center on planet or satellite
 
Unit vector to picture center from S/C
 
Velocity of image due to S/C rotation rates
 
Spacecraft rotation rates
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I RPL(12) Radius of planet of interest (km)
 
0 RSAT(3) Range, cone & clock angles to specified or closest
 
satellite
 
o SAF(S) Half angle of eight possible satellites
 
I SB(8) Surface brightness of eight possible satellites
 
I SEFB(8) Effective surface brightness of eight possible satellites
 
Range, cone and clock to eight possible satellites from
0 SRAT(3,8) 

s/c
 
0 SSV(8) Phase angle to eight possible satellites
 
0 SVSV(3,8) Velocity of satellite picture center due to S/C
 
0 TARGE(3) Velocity vector of picture center (km/sec)
 
0 TARGP(3) Radius, latitude & longitude of picture center
 
I/O TT Time from periapsis (sec)
 
0 VSV(3,8) Vector to satellite from S/C (camera coord)
 
O VVSAT(3,8) Velocity vector of eight satellites toward S/C (camera
 
coord) 
X(3) Position vector 0 to S/C from planet/satellite0 

I/0 XE(3) Heliocentric position vector of Earth
 
0 XN(3) Vector to S/C from planet/satellite
 
I XP(3) Heliocentric position vector of planet from sun
 
0 XP(3) Vector to planet from reference body (sun or Earth).
 
0 XSAT(3) Vector to closest satellite
 
0 XSS(3) Vector to S/C from satellite
 
I XZ(97) Input variable array
 
XS(3) Vector to reference body from S/C
 
Subprograms required: 	 VDIF, VSCALE, RCNCLK, VUNIT, PGLOBE,
 
VCROSS, UCROSS, VCOMB, VEQUAL,
 
VLOAD, SPHERE, VTRANS, ORBVEL, ANGV,
 
PLASAT, VROTAT, PSCONS
 
Approximate Storage Required (octal): 1760
 
Discussion: None
 
Table 6-1 presents the 6ACL listing; Fig. 6-1 is the CACL flow
 
diagram.
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Table 6-1 CACL Listing 
SUBROUTINE CACL 
CACL-2 
COMMON/JUNK/B8EFBSB'(8) ,SEFS(8) 
COMMON/POBEAR/SSV(8),SAF'8),HANG2)CNCLK(8)
 
COMMON/HEDING/TITLE(13)
 
COMMON/TNME/TVNAME(5)
 
DIMENSION ZSAT(3),VORB(3)
 
DATAAU/i.49599E08/
 
DATA WTERG/i.E+7/
 
DATA NCHGT/0/,NCHGF/0/
 
COMMON/TEST/ITEST(97)
 
COMMON/XZ/XZ(97)
 
COMMON/CHARAC/P(60)
 
COMMON/FLY9Y/DUM(6),XN(3),DUMM(9)
 
COMMON/CELEST/C(3)vS(3) ,SN(3)
 
COMMON/GEOM/XE(3),XP(3)
 
COMMON/PHASER/PHAS(8),SRAT(3,8)
 3 tB)
COMMON/STUFF/X(3),TARGE(3),ROTV(3),VSV(38)VVSAT(3.18),SVSV(
 
XRCCL(3) DTARE(3)9,ROTV(3)
 
COMMON/STUF1/XSAT(3)
 
COMMON /PLCONS/GMSVGMPL (12) ,RSPRPL(12) PSNAME(2) ,PLNAME(2,12)
 
X SPV(3),PLPV.(312)SVE(3)PLVE(3i2),SROTPLROT(12),SOBLPLOBL(12)
 
COMMON/PCOORD/PV(3) ,VE(3) ,PM(3)
 
COMMON/VCONS/UX(3)vUY(3)vUZ(3),PI
 
COMMON/REVER/RO TW(3)
 
COMMON/CHARLIE/NGODENREC ,IPIVSNSCIFLSTNCB
 
DIMENSION U(3),XSN(3),UXSS(3),TARG(3),XTER(S) 
X - XSATI(3),RADP(3),VV(3) 
XRADi(3)qC2(3)Ci(3) ,XS(3),XSS(3),VSAT(3") 
XTARGV(3) ,UXP(3),ROTC(3) 
COMMON/FOROUT/POWERENERGY-PERCTI)NR(3),RSAT(3)}TARGP(3),IPCN
 
XFRACTPHASEDPHASEP. ,POWLNNODNEPERDN
 
COMMON/FLAGS/IMODEIFLPLIFLRP
 
COMMON/CAMYCCONE(200),CCLOCK(200)
 
REAL JOV
 
COMMON/JDAYS/JDVTT
 
DIMENSION NS(9)
 
DATA NSO/9/,NS/0,0 ,iv2v4,7,5,2,0/
 
T=TT/3600,.
 
TTT=TT/86400,
 
XPM=(ABSV(XP)/AU)**2
 
TSi=XZ(87)
 
TS2=XZ(88)
 
ISAVE=O
 
NCB:O
 
IDN=2.44 P(14) O.0i
 
PI=3.1415926536
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Table 6-1 (cont) 
CALL VUNIT(UXeIXp) 
IF(NSC.LT.o) GO TO 6 
CALL VOIF (XPXPXE) 
6 CALL VSCALE(XSXP,-1.) 
CALL VOIF (XSXSX) 
CALL VSCALE(RpX,-z.) 
CALL RCNCLK(RpXS) 
CALL VUNIT(U ,X) 
CALL VSGALE(UXPIUXP,-1.) 
PHASE=ACOS(DOT(UXPU ))
CALL PGLOBE(PMJoVIP) 
CALL VSCALE(TARGVU , RPL(IP)} 
CALL VOIF(RADPTARGX) 
HANG=ASIN(RPL(IP)/R(1))*1aO./pI 
HANG2=2o*HANG 
C 
C IMODE NE 0 MEANS CONE/CLOCK IS INPJT 
C 
IF(IMODEoNE.a) GO TO 10 
IF(PHASELT.PI/2.) GO TO 20 
C SUBVEHICLE POINT IN SHADOW 
CALL VCROSS(XSNUXPU) 
CALL UCROSS(XTEEXSNUXP) 
ANGL=90.-HANG 
ANGL=PHASE*BO./PI-ANGL 
DEL=(90.-ANGL)/2. 
ANGL=ANGL+DEL 
C PICTURE CENTER BISECTS ANGLE BETWEEN LIT LIMB + TERMINATOR 
CALL VCOMB(TARGUXPCOS(ANGLPI/18O.),XTER, SINiANGL*PI/iaO.)
CALL VSCALE(TARGTARGRPL(IP)) 
C RADP IS VECTOR FROM S/C TO PIC CENTER 
CALL VOIF(RADPTARGX) 
CALL VEQUAL (RAD1,RADP) 
CALL RCNCLK(RAO±,XS) 
GO TO 20 
C 
C 
C 
10 CALL VLOAD( RCCL1.CCONE(NREC),CCLOCK(NREC)) 
CALL SPHERE(RCCLRCCL4HFROM,5HPOLAR6HDEGREE) 
CALL VTRANS(RADPRCCL94HFROMCXS) 
CALL VSCALE(UjU,-1,) 
CA=OOT(URADP) 
SROOT=RPL(IP)*42-R(I)*42*(1.-CACA) 
C IF SROOT LE 0 CENTER OF FRAME IS OF PLANET 
IF(SROOT.LT.O.) SROOT=O. 
TARGM=R(i)*CA-S'QRT(SROOT) 
CALL VCOM8(TARGRADPTARGM,U,-R(1)) 
CALL VSCALE(RADPRAOP,TARGM) 
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Table 6-1 (cont)
 
CONTINUE
 
CALL VTRANS(TARGPTARG92HTOPMPV)
 
CALL VCROSS(TARGV,UZTARGP)
 
CALL SPHERE(TARGPTARGP,2HTO,6HLATLON56HOEGREE)
 
CALL VSCALc(TARGVTARGVPLPOT(IP)/B

6 40.2.PI)
 
CALL VTRANS(TARGETARGV,4HFROMIPM,V)
 
CALL ORBVEL(VVrT)
 
CALL VDIF(VVTARGEjVV)
 
EM=lea .-ANGV(RA OP, TARG,6HDEGREE)
 
IF(IVS.EQ.o) GO TO 8
 
XSS IS VECTOR FROM SATELLITE TO S/C

CALL VDIF(XSSX,XSAT)
 
CALL VUNIT(UXSSgXSS)
 
ASSUNES SUN VECTOR 
IS SMME AS PLANETS
 
PHASES=ACOS(DOT(UXPUXSS))
 
CALL VSCALE(RSATvXSS,-I.)
 
CALL RCNCLK(RSATXS)
 
CHECK TO S.E IF 
PLANET OBSCURES SATELLITE
 
IF((ANGV(XXSS,6HOCGREE)).LT.HANG.AND.RSAT(1).GT.R(1)
 
XPRINT 999,rTT
 
CONTINUE
 
CALL ORBVEL (VORPTT)
 
NSP=NS(IP)
 
IF(NSP.EQ.a) GO TO 106
 
ZAP=R(3)
 
IF(ZAP.GT.18o.) ZAP=ZAP-360.
 
00 500 I=INSP
 
IS=I
 
IF(IP.EQ.6.AND.IS.EQ.1) GO TO 500
 CALL PLASAT (ZSA T,JOVIS, IP) 
CALL VDIF(VSV(IIS) ,XZSAT)
 
SSV(I)=ANGV(VSV(II)UXP6HDEGREE)
 
CALL PSCONS(RPSAT,SHRADIUS,IIP)
 
RPSC=ABSV(VSV(I))
 
SAF(I)=ASIN(RPSAT/RPSG)4(360./PI)
 
CALL VUNIT(UXSSVSV(I,Is))
 
PHAS(I)=ACOS(DOT(UXPUXSS))
 
CALL VSCALL(SRAT(I,IS)yVSV(IIS),-.)
 
CALL RCNCLK(SRAT(IIS)yXS)
 
SAP=SRAT(3,IS)
 
IF(SAP.GT.180.) SAP=SAP-360.
 
OCNCLK(I)=ABS(SRAT(2,IS)-R(2)) 
+ ABS(SAP-ZAP)
 
CALL PLASAT(XSAT,JDV.o/8640.,IS,IP)
 
CALL VOIF(XSAT1,XSAT1,ZSAT)
 
CALL VSCALE(XSATIXSATI,.±)
 
CALL VDIF(JVSAT(iIS),VOROXSAT1)
 
CALL VSCALE(VSV(1,IS),VSV(IIS),-.)
 
UCROSS(C2,XSVSV(I,IS)) 
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Table 6-1 (cont)
 
CALL UCROSS(C1,C2,VSV(1,IS))
 
CALL VTRANS(VVSAT(itIS),VVSAT(iIS),2HTOClVSV(IIS))
 
CALL VTRANS(ROTCROTW,4HFROMCXS)
 
CALL VTRANS(ROTCvROTC92HTOCi1VSV(.IS))
 
CALL VTRANSCVSV(1,IS),VSV(i,IS),2HTOCI0VSV(IS))
 
CALL VCROSS(SVSV(lIS),ROTGVSV(1IS))
 
IF(IPoEQ.6.AND.I.EQ.l) GO TO 700
 
IFCISAVE.NE.0) GO 1O 650
 
RMIN=SRAT(II)
 
ISAVE=I
 
650 	 IF(SRAT(I,I).GT.RMIN) GO TO 700
 
RMIN=SRAT(II)
 
ISAVE=I
 
700 	 CONTINUE
 
500 	 CONTINUE
 
IF(XZ(3).NE.O) GO TO 106
 
CALL VEQUAL(RSATSRAT(±,ISAVE))
 
IFRSAT(I)GT.XZ(86).OR.T.GT.TSi.OR.T.LT.TS2) GO TO i05
 
CALL VUNIT(UXSSVSV(iISAVE))
 
CALL VEQUAL (XSATVSV(1,ISAVE))
 
C
C
 
l06 IF(IFLSTEQ.i) GO TO 99
 
C RADP IS VECTOR FROM S/C TO PIG CENTER
 
IF(ITEST(86).EQ.i.AND.RSAT(1).LT.XZ(86)) 999105
 
99 CALL PSCONS(RADS,6HRADIUSIVSIP)
 
NCB=I
 
CALL VCOMB(RADPvXSS,-i.,UXSSRADS
 
CALL VSUM(TARG,XSSgRAOP)
 
CALL VTRANS(TARGPjTARG,2HTOPMPV)
 
CALL SPHERE(TARGPTARGP,2HTO,6HLATON,6HDEGREE)
 
CALL PLASAT(XSATiJDV+I./8640.,IVSIP)
 
CALL VDIF(VSATXSATiXSAT)
 
CALL VSCALE(VSATVSAT,.i)
 
CALL ORBVEL(VVTT)
 
CALL VOIF(VVVVVSAT)
 
CALL VEQUAL(XNXSS)
 
IF(IVS.NE.0) ISAVE=IVS
 
SSB=SB(ISAVE)/XPM
 
SBBEF=SEFB (ISAV E)/XPM
 
PONER=SBBEF/(4. rP(5i)*2)*PZ4 WTERG
 
POWLN=SB3PZ WT ERG
 
PZ=(SIN(PHASES)+(PI-PHASES4 COS(PHASES))/PI)
 
105 	 CONTINUE
 
C 
C
C
C
 
IF(NCB.EQ.i) GO TO 10
 
1B=9/XPM
 
BBEF=EFB/XPM
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Table 6-1 (cont)
 
C LAMBERT PLANET PHASE FUNCTION
 
* P I / 1 8 0
 ,)))
PZ=(SIN(PHASE)+(PI- PHASE*COS(PHASE))PI*ABS(COS(EM
 
POWLN= BBPZ4 WTERG
 
* *

POWER= BBEF./(4 o *P(5i )* v2) PZ WTERG
 
ioi 	 CONTINUE 
ENERGY =POWER*P(26) 
IF(ENERGY-O.95*P(i6))2,22, 
1 	 DTMIN=(.85*(P(16)-P(i5))+P(i5))/POWER
 
P(26)=DTMIN
 
WRITE(6,1005) TITLETVNAME
 
WRITE(69i00O) ENERGY9DTMIN
 
ENERGY=O. 85(P(16)-P(15))*P(1 5 )
 
WRITE(6100i) ENERGY
 
NCHGT=NCHGT+i 
WRITE(6,1004)NCHGT
 
IF(OTMIN-1.E-4) 392,2
 
3 DTMIN:i.E-4
 
P(26)=DTMIN
 
POWXX=POWER*{P(5)*2)/ (P(52)'*2)
 
FILTF=DTMINPOWXX/ENERGY
 
P(51)=P(52) *SQRT(FILTF)
 
WRITE(6,i002)FILTF
 
NCHGF=NCHGF+i
 
WRITE(691004)NCHGF
 
2 IF(ENERGY-P(15))4,5,5
 
4 IF(POWER.LT i.E-8)GOTOi
 
DTMAX=P(±5)/POWER
 
ENERGY=P (15) 
P(26)=DTMAX
 
WRITE(6,i003)DTMAX
 
GO TO 5
 
ii WRITE(691006) POWER 
5 	CONTINUE
 
FRACT=0.0
 
IF(ENERGY.GT.P(15).AND.ENERGY.LT.P(i6))FRACT=(ENERGY-P(15))/
 
$ "(P(i6)-P(i5))

XDN=IDN
 
NDN=FRACT*XDN + 0.00i 
=EPERDN (P(16)-P (15) )/XON 
PERCT=FRACT 4iOO.
 
C 
C 
C 
CALL UCROSS(C2, XSRAOP)
 
CALL UCROSS(Ci, C2,RAOP) 
CALL VROTAT(Ci CiRADP, TWISTPI/180.)
 
CALL VTRANS(TARGEVV2HTOCi,RAIP)
 
CALL VTRANS(RCCLqRAOP,2HTOCiRAOP)
 
CALL VTRANS(ROTCROTW94HFROM,CXS)
 
CALL VTRANS(ROTCROTC,2HTO,CiRADP)
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Table 6-1 (concl)
 
CALL VCROSS(ROTVROTCRCCL)
 
SMEAR=ABSV(TARGE)
 
SCMER=ABSV(ROTV)
 
PHASEP=PHASES*tS80./PI
 
PHASED=PHASEv 18Q*/PI
 
WRITE(7) TTXXPXSATIXERPHASERADPTARGETARGPRS-ATPHASESXSS,
 
XJDVEM
 
IF(NCB.EQoi) CALL VEQUAL(XXSS)
 
C 
C 
CALL VEQUAL (DTARETARGE)
 
IF(NCB.EQ.1) CALL VEQUAL(DTAREpVVSAT(1qIVS))
 
CALL VEQUAL(DROTVROTV)
 
IF(NCB.EQ.1) CALL VEQUAL(DROTVSVSV(IIVS))
 
RETURN
 
901 FORMAT(5XiiHPLANET DATA,/)
 
904 FORMAT(5X,14HPICTURE LAT = ,F6.2,SXKBHLON = ,F6.218HSMEAR =
 
XEI6.895Xti2HSMEAR SIC = ,F16o8) 
902 FORMAT(SXq14HSATELLITE DATA,/) 
906 FORMAT(5XBHRANGE = qE16.8,5X97HCONE = ,F6.2,BX,8HCLOCK = ,F6.2,5X 
X,8HPHASE = ,F6.2,/) 
999 FORMAT(28HSATELLITE OBSCURED BY PLANETF6.2,ISHDAYS FROM ENCOUNTE 
XR) 
1000 FORMAT(iX ,19HEXPOSURE TOO HIGH ,EZO.3,i3H (ERGS/CM*2),/ 
S 26H EXPOSURE TIME REDUCED TO ,EiO.3,4H SEC) 
1003 FORMAT(47H EXPOSURE LESS THAN MINIMUM , EXP TIME SET TO ,EiO.3,/) 
1001 FORMAT(13H EXPOSURE IS 9EIO.3,12H (ERGfCM*2),) 
1002 FORMAT(34H EXPOSURE TIME SET TO 0.1 MILLISECI/
 
527H REQUIRED FILTER FACTOR IS ,EiO.3)
 
1004 FORMAT(5X,3HCHGI5)
 
1005 FORMAT(IHl713A6,I,5A6/)
 
1006 FORMAT(/,35H POWER DENSITY THRU LENS TOO LOW = ,Ei5.8,14H ERGS/SQG
 
*M/SEC ,/)
 
END
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GENERAL VECTOR CALCULATIONS 
FIND: IDN, XP, R, PHASE, HANG2,. RADPI 
CONVERT CONE '1NO
 
&CLOCK TO
 
FINDF RADPI,RCCL RA 
LI LIME AND TERMNATO LIGHT-SIEVE 
MOVE CAMERA ALIGNMENT 
STO MID POINT BETWEEN
 
LIT LIMB AND TERMINATOR
 
LFIND: RADP
 
OTHER PLANET CALCULATIONS
 
FIND: TARGP, TARGE, EM
 
CALCULATIONS FOR SPECIFIEDS
 
SATELLITE FIND: XSS
 
S PHASES, RSAT
 
SAATLLTEITEi
 
SELECT
 
FIRST
 
SATELLITE
 
CALCULATIONS FOR SATELLITE
 
UNDER CONSIDERATION
 
LOOK AT FIND: VSV, SSV, SAF, SPAT
 
SNEXT DCNCLK, SVSV, PHAS
 
SATELEITE ALSO FIND INDEX5OR CLOSEST = ISAVE'
 
Fig. 6-1 CACL Flow Diagram
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EQUATE: RSAT = SRAT(ISA-VE)I 
IS
 
RANGE TOCLOSEST SATELLITE 
LESS THAN REQ'D> 
TO SWITCH AND 
SATELLITELIT NO 
gA.EXSAT = (RaT) 
CLOSEST SATELLITE
 
SATELLITEITE
 
NON
 
MAKE CSALULAETIOS TO 
SCLOSEST SATELLITERU 
FID:RAP RP,0 
POEPis 
HI A- YESnt
 
SATELIT
 
MCR-71-181 
YES \ SWITCHED TO 
DETERMINE POWER DENSITY 
FOR PLANET CONDITIONS 
CALCULATE EXPOSURE ENERGY 
IF TOO HIGH REDUCE EXPOSURE 
TIE, P(26), 4IF EXPOSURE 
IS BELOW 10-4 SEC CHANGE 
CAMERA SPEED (P(51) 
IF TOO LOW INCREASE EXPOSURE 
TIME, P(26) 
FIND ENERGY, NDN, EPERDN, 
PERCT & FRACT 
CONVRSION 
OF VARIATIONTARGE, RCCL AND ROTV TO CAMERA 
COORDINATES 
PHASEP AND PHASED TO DEGREES 
, WRITE ON TAPE 7 
TT, XP, XSAT, XE, R, PHASE, RADP, TAG 
TTATRGP, RSAT, PHASE, XSS, JDV, EM 
NO 
D AE = TAR G E 
D OV = ROTV 
PL N TYES 
T SA ?D TA RE 
DR0 T 
= VV A 
S S 
>[RETURN 
Fig. 6-1 (concl) 
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6.3.2 FIELDS 
Purpose: To construct plots that illustrate the magnetic 
field of the planet, and the interaction of 
this field with the solar wind. 
Calling Sequence: CALL FIELDS 
Input/Output: 
I/0 
I 
I 
I 
I 
I 
FORTRAN Name 
XLAT 
XLON 
RPL(12) 
PV(3) 
IP 
Definition 
Latitude of magnetic pole of planet 
Longitude of magnetic pole of planet 
Radius of planet (km) 
Pole vector of planet 
Planet index number 
I 
I 
I 
AA 
E 
P 
Semimajor axis of spacecraft trajectory 
Eccentricity of S/C orbit 
Semi-latus rectum of S/C orbit 
I JDV Julian date of encounter 
I DPAUSE Distance to magentopause 
0 TX Time from encounter (days) 
0 
0 
BMINS 
DIRB(3) 
Minimum detectable planet magnetic dipole' 
at S/C 
Direction vector of line tangent to magnetic 
line of force 
Subprograms Required: MAP, ORBPOS, UCROSS, VPROJ, VVIEW, 
DISK, VCOMB, VPLOT, ANOMLY, SINTRP, 
VPPLT, PLPOS, VSCALE, PGLOBE, RNCLK, 
LINE, SPHERE, VTRANS, VSCALE, 
Approximate Storage Required (octal): 2026 
Discussion: None 
Table 6-2 presents the FIELDS listing; Fig. 6-2 is the FIELDS 
flow diagram.
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Table 6-2 FIELDS Listing
 
SUBROUTINE FIELDS 
DIMENSION DIRB(3)gREF(3),XMA(3),YMA(3),ZMA(3),XE(3),XP(3)
 
COMMON/CHARAC/PF(60)
 
COMMON /PLTBUF/BUF(20)
 
COMMON /PLCONS/GMSGMPL i2) ,RSRPL(12)hSNAME(2)jPLNAE(212),
 
X SPV(3)sPLPV(3,12),SVE(3),PLVE(3,2),SROTPLROT(i2),SOBLPLOBL(i2)
 
COMMON /C.VPLOT/VT(3) ,VR(3),VW(3) ,RPPTANR,R2,SCALER(3),PEN
 
COMMON/PCOORD/PV(3) ,VE(3),PM(3)
 
COMMON/CHARLIE/NCODENREC ,IP-IVSNSCIIFLSTNCB
 
COMMON/ORBI/AA,EPORBGiTATEJVV(3),QV(3)
 
REAL JDJDV
 
COMMON/JDAYS/JDVTT 
COMMON/PLAN/GM
 
DIMENSION XM(3)qX(3),XF(3),V(3)hXS(3) ,SN(3)
 
PI=3.±459
 
RTD=579295780
 
CALL ARCSTP(5.)
 
SENS=PF (10)
 
XLAT=PF (8)
 
XLON=P 9)
 
XLON=PF (9)
 
DPAUSE=PF(6) #RPL(IP)
 
DINC=PF (7)4 RPL (IP)
 
A=AA
 
ECC=E
 
AE=ECC
 
DPAUSE=64o'RPL (IP)
 
=DINC 0 .275DPAUSE 
DELANG=O.
 
OELTR=DELANG/RTO
 
R2=0.
 
CALL ORBPOS(X,.)
 
SCALE=ABSV(X) *5 * 
IF(SCALE.LT.ii.*RPL (IP)) SCALE=ii.*RPL(IP)
 
SCALE=SCALEtRPL (IP) i.1
 
BUF (4)-=Y(SCAL E-RPL (IP) 'i.1)

BUF (5) =RPL ( IP) *lot 
BUF (6) =-SCALE/2.
 
BUF (7)=SCAL E/ 2
 
BUF(8) =0.0
 
BUF (9)=,0
 
BUF(iO)=O.O
 
BUF(11) =1.0 
CALLMAP(BUF(4),BUF(5),BUF(6),BUF(7),BUF(8),BUF(9),BUF(i0),BUF(11fi 
RPP=RPL (IP)
 
CALL UCROSS(VWPVX)
 
CALL VPROJ
 
CALL VVIEWC(Iiii-5,0)
 
DMDT=SQRT(GM/ABS(A) #43)
 
PLOT PLANET DISK
 
CALL DISK(IPO00,0) 
IJK=O
 
X(3)=O.
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Table 6-2 (cont) 
PLOT THE MAGNETIC FIELD
 
NMAX=SCALE/RPL (IP)
 
DO 101 I=2,NMAX
 
RO I4 RPL(IP)
 
DO 100 J=909270,2
 
ALAT= (J-5 /RTD 
ANG=AL AT -D EL TR 
RADIUS=ROCOS(ANG) *2 
IF(RPL(IP) .GT. RADIUS) GO TO 50
 
C X IS THE VECTOR TO THE SPACECRAFT
 
CALL VCOMB(XVRRADIUS4SIN(ALAT),VTRADIUS*COS(ALAT)) 
IF(IJK .EQ. i) GO TO 75
 
IF(J .EQ. 5) GO TO 75 
C PLOT MAGNETIC LINES OF FLUX
 
CALL VPLOT(X) 
GO TO 100 
50 IJK=i 
C LIFT THE PEN 
CALL SINTRP(.BUF) 
GO TO 100 
75 IJK=O 
i00 CONTINUE 
CALL SINTRP(BUF) 
C LIFT THE PEN 
i±0 CONTINUE 
250 R=SCALE 
C COMPUTE TRAJECTORY PARAMETERS 
CAT= (P/R-I.) /ECC 
AT=ACOS (CAT) 
T=ANOLY(-AEAT)/DMOT 
N=ABS(T)/3600o 
NN=-N 
COMPUTE MAGNETIC POLE VECTOR (V) 
CALL VLOAD(V,i.,XLATXLON) 
CALL SPHERE(Vp V,4HFROM,6HLATLONI6HDEGREE)
 
COMPUTE AND PLOT S/C TRAJECTORY
 
DO 300 I=NN,N
 
T=I3600.
 
CALL ORBPOSIXST)
 
JJDVt 13600*/86400.
 
CALL PGLOBE(PMJOIP) 
CALL VTRANS(ZMAV,4HFROMPMPV) 
DEC= ANGV(ZMAXS,6HRADIAN)
 
RADIUS=ABSV(XS)
 
TMP=90* /RTO+DEC
 
CALL VCOMB(XVRRADIUS*SIN(TMP)bVTRADIUSCOS(TMP))
 
CALL VPPLT(XIH *)
 
300 CONTINUE
 
CALL SINTRP(BUF)
 
310 CALL FRAME
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Table 6-2 (cont)
 
SCALE=DINC*I. 1
 
BUF(4) =-SCALE
 
BUF(5) =+SC.AL E 
BUF(6) =-SCALE 
BUF() =+SCALE 
BUF(8) 0o0 
BUF (9) =1.0 
BUF(i0)0=.O 
BUF (11) =i. 
CALL PLPOS(XSJDVIP)
 
CALL VSCALE(XSXS,-i.)
 
C XS IS THE VECTOR POINTING TO THE SUN 
CALL MAP(-SCALE ,SCALE,-SCALESCALE,0.0,i.OO.O,±.0)
 
o PLOT PLANET DISK
 
CALL LINE(-SCALE,0.,,9*SCALE0.) 
CALL SYMBOL(3HS$.)
 
CALL DISK(IPO,00,0)
 
N=30
 
NN=-N
 
4444444444**C * 

C PLOT MAGNETOPAUSE CONTOUR
 
00 400 J=NNN
 
ALAT=J/RTO
 
RPAUSE=DPAUSE COS(ALAT) *2 
CALL VCOMB(XIVRRPAUSE4SIN(ALAT)hVTRPAUSE0
CALL VPLOT,(X) 
400 CONTINUE
 
C LIFT THE PEN
 
CALL SINTRP(BUF)
 
RPAUSE=OPAUSE4 COS(PI/6.)*"2
 
Y=RPAUSE*SI N( PI/6,)
 
XX=RPAUSE*COS (PI/6.)
 
CALL VCOMB(XVR,YVTXX)
 
CALL VPLOT(X)
 
CALL VCOMB(XVRYVT,-SCALE)
 
CALL VPLOT(X)
 
GALL SINTRP(BUF)
 
CALL VCOMB(XgVR,-YVTXX)
 
CALL VPLOT(X)
 
CALL VCOMB(XVR,-YVT,-SCALE)
 
CALL VPLOT(X)
 
CALL SINTRP(BUF)
 
C *4 44***44 *** 44444444444444***** 4 N='9 0
 
NN=-N
 
C PLOT BOW SHOCK CONTOUR 
PP=2.*DINC 
DO 500 J=NN,'N
 
ALAT=J/RTO
 
RBOWS=PP/(1.+COS(ALAT))
 
*

** **
 
C O S(ALAT))
 
*44 *
 
CALL VCOMB(XqVRRBOWS 4SIN(ALAT),VTRBOWS 0OS(ALAT))
 
CALL VPLOT(X)
 
500 CONTINUF
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Table 6-2 (cont) 
CALL SINTRP(BUF)
 
C 	 LIFT THE PEN 
R=SCALE 
CAT=(P/R-i.)/ECC 
AT=ACOS(CAT) 
T=ANOMLY(-AEAT)/DMOT 
N=ABS(T)/36 00.
 
NN=-N
 
C 	 PLOT TRAJECTORY
 
00 600 I=NNPN 
T=I'3600. 
C X IS THE VECTOR TO THE SPACECRAFT 
CALL ORBPOS(X 9T)
 
JD=JDV+ 1*3600o/86400.
 
CALL PLPOS(XSJDIP)
 
'CALL VSCALE(XS9XS,-i.)
 
CALL ORBPOS(XT)
 
PHASE=ANGV(XSX,6HRADIAN)
 
XM=ABSV(X)
 
CALL VCOMB(XFVRXM*SIN(PHASE)hVTXM4 COS(PHASE))
 
CALL VPPLT(XF IH*)
 
600 CONTINUE
 
C 	 LIFT THE PEN
 
CALL SINTRP(BUF)
 
CALL FRAME
 
N=3 4 24.
 
NN=-N
 
00 612 I=NNN
 
T=1*3600.
 
CALL OREPOS(XST) 
TX=T/86400.
 
IF(I.EQ.NN)TSTART=TX
 
IF(I.EQ.N)TSTOP=TX
 
JD=JDV+TX
 
CALL PGLOBE(PMJD,IP)
 
CALL VTRANS(ZMA,V,4HFROMPMPV)
 
CALL PLPOS(XEJD3)
 
CALL PLPOS(XP,JDID)
 
CALL VOIF(REFXEgXP)
 
RM=ABSV(XS)
 
ANGLE=ANGV(ZMA, XS,6HRADIAN)
 
ANGLE=PI/2. -ANGLE
 
BMINS=(SENS/((RPL(IP)/RM)#3*SRT(1.+3.*SIN(ANGLE)4 4 2)/COS(ANGLE)*
 
X*6))
 
IF(I.EQNN)XMIN=BMINS
 
XMIN=AMINi(XMINBINS)
 
XMAX=AMAXI(XMAXBMINS)
 
CALL UCROSS(YMAZMAXS)
 
CALL UCROSS(XMAYMAgZMA)
 
CALL VTRANS(XSXS,2HTOXMAZMA)
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Table 6-2 (cont)
 
XX=XS (1)
 
YY=XS(3)
 
CALL SPHERE(XSXS,2HT0LATLONBHRADIAN)
 
RIB=XS()/COS CXS (2)) 2
 
IF(ABS(YY).LToi.E-6) GO TO 610
 2 I YY*2))
SLOPE=(2.*XX*RIB-3.*XX*SQRT(XX=*

X/(3.*YY4SQRT(XX#2 * YY* 4 2))
 
yi=YY-SLOPE*XX
 
IF(YY.LT.O.) CALL VLOADCDIRBXXOol(YY-Y1))
 
IF(YY.GT..o) CALL VLOAD(DIRB,-XX,0.,(YI-YY))
 
GO TO 611
 
CA.LL-VSCALE(DIRBZMA-I.)
 
CALL VUNITCDIRBDIRB)
 
CALL VSCALE(DIRBDIRB,-i.)
 
CALL VTRANS (OIRBDIRBq4HFRONqXAqZIA)
 
CALL RCNCLK(DIRBREF)
 
WRITE (8)TXBMINSDIRB
 
CALL MAPSSL(TSTARTTSTOPXMINgXMAXol1i,±,±.t,)
 
CALL C ,AROPT(090 0i,0)
 
CALL ABSBEAM(.059.4)
 
CALL SYMBOL(22HMINIMUM DETECTABLE B$.)
 
CALL SYMBOL(1OH (GAUSS)S)
 
CALL ABSBEAM(.4,.Q5)
 
CALL CHAROPT(OO,00,O)
 
CALL SYMBOL(29H TIME FROM ENCOUNTER (DAYS)S°)
 
REWIND 8
 
READ(8)TXBMINS
 
READ(8)TX2 rBMINS2
 
IF(EOF,8) 501,503
 
CALL LINECTXBMINSTX2,BMINS2)
 
TX=TXZ
 
BMINS=BMINS2
 
GO TO 502
 
CONTINUE
 
CALL FRAME
 
REWIND 8
 
CALL MAPS(TSTARTTSTOP,-180.,i80.,.1v°i..i,±.)
 
CALL CHAROPT(0,0Oi,0)
 
CALL ABSBEAM(.05,.2)
 
CALL SYMBOL (37HCLOCK ANGLE OF MAGNETIC FLUX VECTORS.)
 
CALL CHAROPT(0,O0,90)
 
CALL ABSBEAM(.2,.05)
 
CALL SYMBOL(28HTIME FROM ENCOUNTER (DAYS)S.)
 
READ (8) TXBMINDIRB
 
IF (EOF,8)622, 621
 
CL.OCK:0-RB (3)
 
IF(CLOCK.GTi80.0) CLOCK=CLOCK-360.0
 
T=TX
 
READ (8) TXBMINDIRB
 
IF(EOF,8) 622,623
 
ZAP=DIRB(3)
 
IF(ZAP.GT.180o) ZAP=ZAP-360,
 
CALL LINE(TCLOCKTXZAP)
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Table 6-2 (concl)
 
T=TX 
CL OCK=ZAP
 
GO TO 624
 
622 	 REWIND 8 
CALL FRAME 
CALL MAPS(TSTARTtTSTOPO.,i8O. 19h, .ii-.) 
CALL CHAROPT(O0909io) 
CALL ABSBEAM(.059.2) 
CALL SYMBOL(36HCONE ANGLE OF MAGNETIC FLUX VECTORS.) 
CALL CHAROPT(O9,OOO0O)
 
CALL ABSBEAM(.29.05)
 
CALL SYMBOL(28HTIME FROM ENCOUNTER (DAYS)$.)
 
READ (8) TXBMINOIRB
 
IF(EOF98) 626,627
 
627 CONE=DIRB(2)
 
T=TX 
628 READ (8) TXBMINDIRB
 
IF(EOFS) 626,629
 
629 CALL LINE(TCONETXOIRB(2))
 
CONE=DIRB (2)
 
T=TX 
GO TO 628
 
626 CONTINUE
 
CALL FRAME
 
RETURN
 
END
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SET UP PLOT FOR MAGNETIC 
FIELD PLOT - SCALE TO PERIAPSIS 
DISTANCE WITH VIEW POINT 
jNORMAL TO PLANET POLE 
- PERIAPSIS 
POINT AND WITH ORTHOGRAPHIC PLOT 
PLOT MAGNETIC LINE-OF 
FORCE WITH RADIUS = I*RPL.*COS29 and 6 
GOING FROM 900 to 2700 
PLOT MAGNETIC LINES 
OF FORCE -
INCREMN I*RPL > 
COMPUTE NUMBER OF HOURS, N, 
FROM PERIAPSIS AT WHICH 
TRAJECTORY PLOT EXCEEDS PLOT SCALE 
EIND VECTOR V PASSING 
THRU LATITUDE AND 
LONGITUDE OR MAGNETIC 
POLE 
ISET TINE = -NI 
INCREMENT 
TINE BY 
[ONE HOUR 
PLOT TIP OF VECTOR, 
XS TO SPACECRAFT 
WITH AN *-AFTER 
TRANSLATING IT TO 
VIEWING AXES ALIGNED 
WITH 4AGNETIC POLE 
PLOT SPACECRAFT 
POSITION 
Fig. 6-2 FIELDS Flow Diagram
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0 
JADVANCE PLOTI 
I
SET PLOTTING SCALE FOR 90 PLANET RADZII
 
PLOT SUN LINE AND PLANET DISK AT i
 
VIEWPOINT NORMAL TO POLE VECTOR AND PERIAPSIS"1
)ORIGIN. 

PLOT TIP OR VECTOR, X, WHICH 
HAS AN ANGLE = LAT AND A 
LENGTH=DPAUSE*COS2 (LAT) 
PLOT MAGNETIC PAUSE 
CONTOUR 
ADD 10TOI 
LAT; NO is 
PLOT LINES TO RUN +
 
30- LATITUDE POINTS
 
TO THE LEFT TO THEI
 
EDGE OF THE PLOT I 
-w 
ALAT- 900 
C 
PLOT TIP OF A VECTOR X PLOT BOW SHOCK
 
WHICH HAS AN ANGLE OR CONTOUR
 
"ALAT" WITH THE PLOT AXIS
 
AND A LENGTH
 
= * (DPAUSE+DINC)
 
I+COS (ALAT)

°

~ADDTO
1I
 i
 
ALAT 
 NO -A A > + 0
 
Fig. 6-2 (cont)
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COMPUTE NUMBER OF 
HOURS, N, FROM PERIAPSIS 
AT WHICH THE TRAJECTORY 
PLOT EXCEED PLOT SCALE 
I-N HOURS 
PLOT TIP OR A VECTOR, XF WHICH 
HAS A RADIUS EQUAL TO THE 
S/C.-PLANET DISTANCE AND AN 
INCLINATION EQUAL ANGLE 
BETWEEN THE VECTORS TO 
THE SUN AND S/C FROM THE 
PLANET 
PLOT TRAJECTORY 
ADD I.HOURI 
TO T _NO 
YES 
ADVANCE FRAM 1 
SSET 1 =-72 
TIM = 3600. xT 
DETERMINE ORBITAL POSITION 
OF SPACECRAFT, TRANSFER 
VECTOR TO MAGNETIC LATITUDE 
AND LONGITUDE 
I FIND MINIMUM 
PLANET DIPOLE STRENGTHI 
DETECTABLE AT S/C POSITION 
Fig. 6-2 (cont) 
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FIND CONE AND CLOCK ANGLE
 
OF VECTOR TANGENT TO MAGNETIC
 
LINE OF FORCE AT SPACECRAFT
 
POSITION
I .
 
WRITE TIME IN
 
DAYS FROM ENCOUNTER,
 
MINIMUM DETECTABLE
 
MAGNETIC STRENGTH
 
AND LINE OF FORCE
 
VECTOR ON TAPE 8
 
YES
 
PLOT A SEMI-LOG RAPH OF
 
MINIMUM DETECTABLE BO
 
VERSUS
 
TIME FROM ENCOUNTER 
PLOT A LINEAR GRAPH OF 
CLOCK ANGLE OR MAGNETIC
 
FLUX VECTOR VERSUS
 
TIME FROM ENCOUNTER
 
PLOT A LINEAR GRAPH OF
 
CONE ANGLE OR MAGNETIC
 
FLUX VECTOR VERSUS
 
TIME FROM ENCOUNTER
 
Fig. 6-2 .(concl)
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6.3.3 FOnDER
 
Purpose: 	 To integrate by wavelength bands, surface bright­
ness (and effective brightness as determined by
 
camera characteristics) for the subject planet
 
and satellite.
 
Calling Sequence: CALL FOLDER. (INST)
 
Input/Output:
 
I/0 	 FORTRAN Name Definition
 
I INST Instrument index 
I SOLAR(31) Solar flux at 1 A.U. (watts/cm2 /micron) 
I ALBDO(31,3) Surface albedo three modals 
I CAMFF(31,3) Camera sensitivity (three curves) 
I F(31,3) Filter transmissibility three colors 
I MULT Albedo model multiplier for planet or satellite 
0 BO Brightness for wavelength band (watts/cm2/micron) 
0 .BEF Effective brightness for wavelength band 
0 BP Total planet surface brightness (watts/cm2) 
0 EFB Total effective planet brightness (watts/cm ­
0 IBS(8) Total surface brightness (satellite) (watts/cm2) 
O EFBS(8) Total effective brightness (satellite) 
(watts/cr2)
 
Subprograms Required: None
 
Approximate Storage Required (octal): 371
 
Discussion: The following integration is performed
 
31
 
B=Z (soLARi ALBDOi .025 MULTi Fi)
 
i=i
 
31
 
NI 
BEF = 	E Bi CAMEFi F 
i=l 
Table 6-3 presents the FOLDER listing; Fig. 6-3 is the FOLDER
 
flow diagram.
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Table 6-3 FOLDER Listing
 
SUBROUTINE FOLDER(INST)
 
DIMENSION NS(9)
 
DATA NS/0,01,2,4,7,5,10/
 
DIMENSION PLNMUL(9),MOD(9),SATMUL(3p4)
 
REAL MULT
 
INTEGER CANK
 
COMMON/HEDING/TITLE(13)
 
COMMON/TNME/TVNAME(5)
 
COMMON/TEST/ITEST(97)
 
COMMON/CHARLIE/NCODENREC ,IPIVSNSCIFLSTNCB
 
COMMON /JUNK/BPEFBPBS(8)bEFBS(8)
 
COMMON/PHOTO/SOLAR(31 9ALBOO(3Jy3),F(31,4),CAMEF(3i,3)
 
COMMON/CHARAC/P(60)
 
DATA F / 3j 1o0 540.,.035,.500,.860,.990,.960,.500,
 
X .080.030s,.0109-.015 21.0,
 
x .150,.OiO.150,.020p.080 o5009.950,.930,.895,.500,.100,
 
X °027,.015,.013,18'0.,
 
X oo05,.Oi0,.020,.005,.005,OiO.O025,.080,.500,.850,.930p
 
X .750,.800, .i60,.05O,.05i,.005,.OiD,.010,.025,.005,.005,.0i0,.040,
 
X .030/
 
DATA SOLAR /,0070,.0204,.05149.097?1,0939ii517.1429.i6939.2006p
 
X.2044 ,.1942,.i852,.1725,.1719,,b666,.1586,.i5i1,.i442,.13699
0 8 6 2
,.08 3 5,.0791,
X.13O2 .1235,.117i.107V.i48.0988°.0939,.0889,.

X.0746/
 
DATA ALBDO/.300,.282,.270,.265,.269,.272. 2 8 5,.3i5,.364,.385,.406,
 
X.430,.450,.460,.465,.4699.470.469,.45B1.440,.410p.380,.355,.330
 
X.315,.300,.282,.264,.246,.2329,2229
 
X,045,.050.055,.060,.0659.0709.075,.080.0859,.OO0lOB5.113,.120I

X°125,.130,.135,.145,.i55,,165,.1701.1759.l8O9ot859°2909.2959°2009
 
X.200,.200,205,.208,.2i0,
 
2 0

X.075,.060,.047,.0451.040,.045,.050,.060,.075,.i00,.1 ,. 1 4 0,.155
 
X.i80,.2i0,.225,.250,..26O,.275,.280,.29O,.Z959. 3OO,.3O0t. 3O2 9.300 9
 
X.300,.3009.298,.295,'.290/
 
DATA CAMEF/.0 ,.002,.0959.476,.762,.9539.984,i.00,.9849.953,.7949
 
X .762,.682,.555,.476v,445,.360,.2549.2069.i59,.095,.040,.024,.0i0t
 
X .003,.022, 10*.0
 
X ,.238,.799t.9059.954,.976,1.009
 
X 1.00,.994,.960,.916t.870,.834,.81B,.799,.785,.740,.685,.620,.542,
 
X .477,.47,°.357,.3iO.250,.202,.i6T,
 
X .,0259.050.i00,.200,.500,.750I.00.910,.100,
 
X *S65.450,.415,.365.340,o245,.092,.025.009,i3*.0/
 
DATA PLNNUL/i.Oi.Oi.Oi.Ogi.OiO04ti.28 i.O7 O°655/
 
DATA MOD/,,1i3q,1iqi,±4,/
 
DATA SATMUL/
 
X4.00,4.O0,4.001.99,2.26,2.32,4.00,O.50,
 
X3.721,4.OO4.00,4.00,4.00°i.79,1.31,3.75,
 
X4.00,4.0094.0094.00,4.00,0*00G0.00,0,00,
 
X2.67,4.Oo, n0no,°o.o
,O.0,0.O0,.O00.00/
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Table 6-3 (concl)
 
NSP=i+NS (IP)
 
CAMK=P(2) + 0.01
 
NF=P(23) + 0.0C 
DO 200 KIL=iNSP
 
IMOO=2
 
IF(KIL.EQ.1) IMODtMOD(IP)
 
MULT=PLNMUL (IP)
 
IF(KIL.NE.1) MULT=SATMUL (KILIP-4)
 
8=0.
 
EFB=O.
 
WL =.25
 
WRITE(6,101) TITLE
 
WRITE(6,iOi )TVNAME
 
IF(KIL.NE.1) GO TO 70
 
WRITE(6ji60) IP
 
GO TO 80
 
70 	CONTINUE
 
KIK:KIL-i
 
WRITE(69170) KIK
 
80 	CONTINUE
 
WRITE(6,iiO)
 
DO i0 1=1,31
 
BO=SOLAR(I) *ALDO(IIMOO)*0.025'MULT
 
IF(.NF.NE.0) BO804 F(INF)
 
BEF=BO"CAMEF(XI CAMK) .
 
WRITE(69120) HLSOLAR(I),ALBDOH TMOD) CAMEF(IICAMK) 9F(I NF) BO0'
 
BEF
 
WLNWLt.,025
 
B=B+BO
 
i0 	 EFB=EFB+BEF
 
IF(KIL.NE.) GO TO 150
 
PB=8
 
EFBP:EF8 
GO TO 200 
150 CONTINUE 
BS (KIL-i)=8 
EFBS(KIL-i :EFB 
200 CONTINUE 
RETURN 
100 FORMAT(5X,19gHTV ENERGY DATA FOR 95469//) 
101 FORMAT(iHi,4Xi3A6,//) 
110 FORMAT (4Xs7HMICRONS,4X9SHSOLAR,5X,5HALBEDO,4Xq6HSENSOR,4X96HFILTER 
*,4X1lOHBO(W/SQCM),4X,I3HBEFF(W/SQCM) ) 
120 FORMAT(3(4XF6.4),2X,2E14.6) 
t60 FORMAT(5XTHPLANET q12,5H DATA/) 
170 FORMAT(5XIOHSATELLITE t12t5H DATAf) 
END 
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INITIALIZE,:SET NUMBER OF
 
SATELLITES + PLANET, NSP;
 
FILTER FACTOR NUMBER, NF; 
AND CAMERA SENSOR RESPONSE
 
CURVE, CAMI( 
EXAMINE PLANET 
I 
=SET WL.25 
BRIGHTNESS = PRODUCT OF SOLAR INTENSITY, 
ALBEDO, MODEL MULTIPLIER, WAVELENGTH
 
DELTA, AND FILTER FACTOR IF SPECIFIED
 
FOR WAVELENGTH
I 
EFFECTIVE BRIGHTNESS = BRIGHTNESS
 
MULTIPLIED BY CAMERA SENSITIVITY
 
INTEGRATE BRIGHTNESS AND EFFECTIVE
 
BRIGHTNESS FOR 31 WAVELENGTH RANGES
 
CONSIDER NEXT
ENNO 

IYES
 
PRETURND 
Fig. 6-3 FOLDER Flow Diagram
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6.3.4 GEOPLT
 
Purpose: 	 To provide two polar plots centered around cone
 
angles of 0 and 180 degrees with cone and clock
 
grid lines. Each time the subroutine is called,
 
the cone and clock positions of the planet and
 
indicated satellite are determined and plotted.
 
Calling Sequence: CALL GEOPLT
 
Input/Output:
 
I/O FORTRAN Name Definition 
I RPL Radius of planet (kin) 
I RPP Radius of satellite (kin) 
I R(3) Range, cone, & clock from S/C to planet 
I RSAT(3) Range, pone &"&lock from.S/C to satellite 
I NREC Number bf recbrd 
I IP Planet number 
I IVS Satellite number 
I NCB Planet/satellite flag: #0 planet, =1 satellite 
0 THA Half-angle df.planfet/satellite (radians) 
0 R(3) Range, cone, & clock from S/C to planet/ 
-spacecraft ­
0 DEI Scalirfg factor for plot (inches/degree)
 
0 K Plot index = 1 departure; = 2 arrival 
Subprogrims Required: CHAROP, MAP, SETBEM, VECTR1, LINE,
 
NUMBER CIRC, VEQUAL, PSCONS, XLIMB,
 
,VLOAD, SPHERE, ,POINT, SYMBOL, DOT
 
ADV.
 
Approximate Storage Required (octal): 1102,
 
Discussion: None.
 
Table 6-4 presents the GEOPLT listing; Fig. 6-4 is the GEOPLT
 
flow diagram.
 
6-40
 
50 
MCR-71-181
 
Table 6-4 GEOPLT Listing
 
SUBROUTINE GEOPLT
 
DIMENSION X(3)gXP(3) ,XSAT(3),XE(3),RADP(3),TARGE(3)ITARGP(3)
 
XRSAT(3) ,XSS (3)
 
DIMENSION A(3),V(3),V1(3)
 
DIMENSION NUM(8)
 
COMMON/PTLB/THAR(3),OEIK
 
COMMON /PLCONS/GMSGMPLiI2) ,RSRPL(12),SNAME(2),PLNAME(2pi2),
 
X SPV(3) 9PLPV(3,i2),SVE(3),PLVE(3,I2)hSROTPLROT(12)SOBLPLOBL(12)
 
COMMON/CHARLIE/NCODENREC ,IPIVSNSCIFLSTNCB
 
DIMENSION SCUNIT(4)
 
DATA NUM/30 ,60, 90,120,150, 80,270,0/
 
DATA SCUNIT/0.,1o,0•,i./
 
SCAL2=2.625
 
CALL CHAROPT(0909o0)
 
K-I
 
KREC=O
 
PI=3. 1415926536
 
RAD=57.2957795
 
STEP=2*/RAD
 
SCALE=3.5
 
CALL MAP(-SCALE ,SCALE,-SCALE,SCALESCUNIT(1) ,SCUNIT(2) SCUNIT(3),
 
XSCUNIT (4))
 
CALL SET BEAM(-SCALE,-SCALE)
 
CALL VECTOR (SCALE,-SCALE)
 
CALL VECTOR (SCALE, SCALE)
 
CALL VECTOR (-SCALESCALE)
 
CALL VECTOR (-SCALE,-SCALE)
 
CALL LINE (-SCALE,-SCALE/2. t SCALE-SCALE/2.)
 
CALL MAP(-3.5,3.5-2.625,2.625,0.,1.9 .25,i.)
 
CALL LINE(-3.5,0.,3.5,.0)
 
CALL LINE(0. ,-2.62590.9,2.625)
 
DEI=3.5/9O.
 
RO=i5.DEI
 
00 12 I=10,360,10
 
TH=I/RAD
 
SN=SIN(TH-PI/2.)
 
CS=COS (TH-PI/2.)
 
Xi=RO*CS
 
YI=RU SN
 
RMAX=3.5
 
X2=RMAX*CS
 
Y2=RMAX*SN
 
IF(ARS(Y2).LT.2.625) GO TO 12
 
YZ=SIGN(2.625,Y2)
 
SL=SN/CS
 
X2=Y2/SL
 
CALL LINE (X1,Yi,X2,Y2)
 
00 15 I=1,6
 
R=RO*I
 
CALL CIRC(R 9STEP)
 
CALL SETBEAM(.08,-SCAL2)
 
CALL NUMBER(NUM(8),2HIi)
 
12 

15 
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Table 6-4 (cont)
 
CALL SET BEAM(.08,SCAL2- .17)
 
CALL NUMBER(NUM(6),2HI3)
 
CALL SET BEAM (-SCALE+.01,.0)
 
CALL NUMBER(NUM(),2HI3)
 
IF(K.EQ.2) GO TO 21
 
00 20 I=1,3
 
RO=IRO*2.-.25
 
CALL SET BEAM(RO,0)
 
20 	 CALL NUMBER(NUM(I);2HI3)
 
GO TO 23
 
21 	DO 22 I=1,3
 
M=7-I
 
RO=2.* (I-i)4RO- .25
 
CALL SET BEAM(RO,0)
 
22 CALL NUMBER(NUM(M),2H13)
 
23 REWIND 7
 
i0 READ C7) TT ,X,XPXSATXER PHASERADPTARGE, TARGP, RSAT,PHASESXSS,
 
XJDVEM
 
IF (EOF,7)31,11
 
1i KREC=KREC+1
 
TMAX=TT
 
TMIN=TT
 
IF(NCB .EQ.1) CALL VEQUAL(RRSAT)
 
IF(K.EQ.i.AND.R(2).GT.90.) GO TO 20
 
IF(K.EQ.2.AND.R(2).LT.90.) GO TO 10
 
RPP=RPL(IP)
 
IF(IFLST.EQ.'.OR.NCB.EQ.i)CALL PSCONS (RPP,6HRADIUS,IVSEP)
 
THA=ASIN(RPP/R(i))
 
CALL XLIMB
 
CALL VLOAD(A,1.,R(2),R(3))
 
CALL SPHERE(VA ,4HFROM ,5HPOLAR,6H)EGREE)
 
6 READ(7) TT ,X pX PXSAT,XE, R,PHASE, RADP, TARGETARGP,RSAT,PHASES,XSS,
 
XJOVEM
 
IF(EOF,7) 30,7
 
7 	KREC=KREC+i
 
IF(NCB .EQ.i) CALL VEQUAL(R,RSAT)
 
IF(K.EQ.i.ANDo.RSAT(2).GT.90.) GO T3 40
 
IF(K.EQ.2.AND.RSAT(2).LT.90.) GO TO 40
 
I )-
CON=DEI*ABS (180 .*(K- RSAT (2))
 
ZON=RSAT(3) *PI/180.-PI/2.
 
X=CON*COS (ZON)
 
Y=CON4 SIN (ZON)
 
CALL POINT(XY)
 
IF(RSAT(±).LT.R(i)) CALL SYMBOL(3H*$.)
 
IF(RSAT(1).GT.R(i)) CALL SYM3OL(3Hr$.)
 
40 	CONTINUE
 
IF(K.EQ.i.AND.R(2).GT.90.) GO TO 6
 
IF(KoEQ.2.ANO.R(2).LT.90.) GO TO 6
 
TMAX=AMAXI(TMAX ,TT)
 
TMIN=AMINi (TMINTT)
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Table 6-4 (concl) 
CALL VLOAO(A,1.,R(2),R(3))
 
CALL SPHERE(ViA94HFROM,5HPOLAR,6H]EGREE)
 
CSA=DOT(VVi)
 
SNA=SQRT (1. -CSA*'2)
 
THA=RPP/R(i)
 
IF(SNA.LT.THA) GO TO 6
 
THA=ASIN(THA) -
CALL XLIMB
 
CALL VEQUAL (VV±)
 
IF(KREC.EQ.NREC) GO TO 30
 
GO TO 6
 
31 CONTINUE
 
30 	 K=K+i 
CALL ABSBEAM(.I,.05) 
CALL SYMBOL(i4HSTART TIME S.) 
CALL NUMBER(TMIN/86400.,4HF4.1) 
CALL SYMBOL (13HSTOP TIME $.) 
CALL NUMBER(TMAX/8540O.,4HF4.) 
IF(K.GT.2) RETURN 
CALL FRAME 
GO TO 50 
END 
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ICONSIDER DEPRIE PLOTI 
1SET UP PLOT SCALE AND PLOT OUTLINE
 
PLOT RADIAL LINE OUTWARD 
EACH 100 (CLOCK ANGLE RADIALS) 
PLOT CONCENTRIC CIRCLES EACH
 
150 (CONE ANGLE CIRCULAR GRID)
 
ANNOTATE CLOCK ANGLES EACH
 
900 AND CONE ANGLES EACH 300
 
READ FROM TAPE 7, R(3)
 
(RANGE, CONE & CLOCK ANGLES OF PLANET)
 
NO REPEAT FOR 
POSITIONS BEEN NEXT TAPE ENTRY 
'3 YES. 
READ FROM TAPE 7, RSAT(3) 
ANGE, CONE & CLOCK OF SPECIFIED SATELLITE)
 
PLOT POSITION OF SATELLITE USING AN * IF PLANET OR A + IF FARTHER THAN 
PLANET AND7 VISIBLE 
CLOSER THAN 
REPEAT FOR ARRIVAL PLOT I
 
Fig. 6-4 GEOPLT Flow Diagram
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6.3.5 INPUT
 
Purpose: 	 To provide a method of reading all input data
 
required for a given mission
 
Calling Sequence: CALL INPUT(NP)
 
Input/Output:
 
I/0 FORTRAN Name Definition
 
I TITLE (13) Mission title (78 possible characters)
 
I XZ (97) 	 Input variable value
 
0 VAR (97) 	 Input variable name (six letter word)
 
0 ITEST (97) 	 Input flag set to I when input is read in;
 
otherwise set to 0 for canned input.
 
I I Input index 1-97 input variable
 
= 98 end of case flag
 
= 99 end of run flag
 
O CCONE (200) 	 User input cone angle
 
O CCLOK (200) 	 User input clock angle
 
0 TCONS (200) 	 User input time from periapsis (days)
 
0 NP 	 Numer of cone, clock, & time inputs read
 
0 IFLT 	 Pointing mode flag
 
= 0 instrument points to center of
 
planet or halfway between terminator and
 
lit limb if center is on dark side.
 
= 	 1 if insttument is pointed by user's cone 
and clock angles 
Subprograms Required: STERM, VECTOR
 
Approximate Storage 	Required (octal): 556
 
Discussion: None
 
Table 6-5 	presents the INPUT listing; Fig. 6-5 is the INPUT
 
flow diagram.
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Table 6-5 INPUT Listing
 
SUBROUTINE INPUT (NP) 
COMMON/HEDING/TITLE (13)
 
COMMON/FLAGS/IFLTIFLPLIFLPR
 
COMMON/TCONS/TCONS(200)
 
COMMON/CAM/CCONE(200)-,CCLOK (200k
 
COMMON/TEST/ITEST(97)
 
COMMON fTRA/TRACECOMENT(13)
 
COMMON/TNME/TVNAME(5)
 
COMMON /PLTBUF/BUF(20)
 
C INPUT QUANTITIES
 
COMMON/XZ/XZ(97) /V-AR/VAR(97)
 
DATA-XZ/140.,3.,8*0.2,#l'H ,72* 0 ./
 
DATA VAR/6H- ,5HPLANET,6HSATEL ,6HDATE -6HORIENTY6H 
 -
46HSTATEI 6HSTATE2,EHSTATE396HSTATE!+ bHSTATE526HSTATE6,6H
 
6H ,6H ,6H ,6H ,6H ,6H 6H
 
*6H ,6HINSTID6H ,6H ,6H ,6H ,6H
 
*6H ,6H .B6H ,6HNAME-'i bHNAME-2,6HNAME-S6HNAME-4,
 
*6HNAME-5.6HCHAR-1i6HCHAR-2,6HCHAR-3,6HZHAR-4,6HCHAR-56HCHAR-6
 
*6HCHAR-76HCHAR-8&HCHAR-96HCHAR-OSHCHARII,6HCHAR26HCHARi3,

6H
6H 66H ,6H 6H ,  ,6H
 
6;H 76HTSTAR ,6HTSTOP
i H
*6H H6H 

*6HDTINST.6 v6H ,6HBITRAT,6H ,6H ,6HCALCST,
 
*6H ,6H ,6H ,6H ,6H ,6H v 
6H ,6H ,5H .6H ,6,HDPLOT ,6HDPRNT ,6H 
*6H .6H ,6HSATRNG6H ,6H ,6H ,6H 
96H - 6H -16H 96H*6H ,6H ,5H 

DATA TVNAME/56H .
 
C
 
C EJECT PAGE AND READ TITLE CARD
 
PRINT 998
 
READ(5,iOO)TITLE
 
i000 FORMAT(13A6) "
 
WRITE(6,100i)TITLEt
 
1001 FORMAT (5Xt.3A-6,1)
 
C
 
NI=0
 
N2=0
 
NP=O
 
ITFLB=O 
ITFLA=O
 
IFLT=O
 
IF(XZ(7i).NE.0O) GO TO I
 
O ±0 I=1i,97
 
iO ITEST (I)=O
 
250 CONTINUE
 
C
 
C READ INPUT CARDS
 
I READ(5,994) IXVOR0D(COMENT(J)J=ii0)
 
260 CONTINUE
 
IF(I.LT.1 .OR. I.GT,97) GO TO 2
 
PRINT 995, IXVVAR(I),(COMENT(J),J=1,i0)
 
IF(I.GE.31.AND.I.LE.35) TVNAME(I-30)=WORD
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Table 	6-5 (cont)
 
XZ I) 	=XV 
ITEST(I)=
 
IF(I.NE.22) GO TO 200
 
IF (IFIX (XV/i0 0.) .NE. 3) ITFL B=1
 
200 	CONTINUE
 
IF(I.EQ.23) GO TO 300
 
GO TO i
 
300 	CONTINUE
 
IFLT=XV
 
IF(XV.NEI) GO TO 250
 
IF(ITFLB.EQ.I) GO TO 310
 
WRITE(6,993) COMMENT
 
GO TO 250
 
31 ITFLA=i
 
320 READ(5,994) IXVWORD(COMENT(J),J=iiO)
 
IF(I.LT.24.OR.I.GT.30) GO TO 260
 
IF(I.EQ.24) Ni=Ni~i 
IF(I.EQ.25) N2=N2i
 
IF(I.EQ.26) NP=NP+1
 
ITEST(I)=i
 
XZ (I)=XV 
PRINT 995,1,XVVAR(I)(COENT(J) ,J=II0) 
IF(IEQ.24) COONE (NI)=XV 
IF(I.EQ.25) CCLOK(N2)=XV 
IF(I.EQ.26) TCONS(NP)=XV 
GO TO 320 
15 	 XZ(I) = WORD 
PRINT 991, IWOROVAR(I),(COMENT(J) ,J=2,iO) 
GO TO i 
2 	 PRINT 996, IWORO,(COMENT(J),J=ijiO) 
IF(I.EQ.98) GO TO 5 
IF(I.EQ.99) GO TO 4 
DO 3 I=i,97
 
3 XZ(I) 0.
 
XZ(15) = 3.
 
XZ(24) = iH
 
XZ(25) = iH
 
GO TO i
 
C FINISHES PLOT TAPE
 
4 CALL STERM(BUF)
 
STOP
 
5 CALL VECTORi(WORO)
 
IF(TRACE.EQ.5HTRAGE) PRINT 999
 
C 
PRINT 998
 
WRITE(6,1Oi)TITLE
 
WRITE(6,1002)
 
iM02 	FORMAT(24H XZ(I) VALUES IN STORAGE,/)
 
DO 9 I=1,96,2
 
K=I+i 
9 WRITE(6,1003)I,ITEST(I),XZ(I),K,ITEST(K),XZ(K)
 
1003 FORMAT (I4,I4,2X ,E17. 10,i3X,14,I4,2XEi7.10)
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Table 6-5 (concl)
 
C
 
RETURN
 
6 READ(5g992) COMENT
 
WRITE(6,993) COMENT
 
GO TO i
 
991 FORMAT(SX12,3xA6,±iXiOA6A2)
 
992 FORMAT(±3A6)
 
993 FORMAT(* ERROR*4 4 ***3A6, ****#*ERROR THIS CARD IGNORED*)
 
994 FORMAT(129GI5.8,iOA6,A2)
 
995 FORMAT(5XI2,1PG2O.8i0OA6,A2)
 
996 FORMAT(SXI2,20XiOA6,A2)
 
997 FORMAT(IP4(/IX,5(3XA6,Gi5.8))/iX,3(3XA6G15.8),2(3;XA66X9A6,3X
 
X )qiS(/iX,5(3XA6,G15,8)))
 
998 FORMAT(*I*)
 
999 FORMAT(*iINPUT SUBROUTINE*)
 
END
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MISSION TITLE CARD 
WRITE 
MISSIONT TIE 
SET ITEST ARY:01 
READ FROM INPUT CARD-
I, XZ(I), COMENT I 
NO Is 
YES 
I, xz(I) AND 6 LETTER 
DESCRIPTION 
31 - I :-35/ E 
N ISET "TVNAEE" 
NO XZ(31) thrn XZ(35) 
SET ITEST (1)= I 
INDICATING USER 
INPUT 
SNOT AN IR IMAGE N 
AND DOES XZ(23) =1?/ 
YES 
Fig. 6-5 INPUT Flow Diagram
 
AQ
-..
MCR-71-181 
READ FROM INPUT CARD
 
I, XZ(I), COMENT
 
IS.
NO 

24/ 39 

23 < I <30
 
YES
 
NI NI+)
POES 

24 ? CCONE(N1).= XZQE)
 
S N2 = N2 +1DOES 

= 25 ? CCLOK(N2) = Xz(I) 
I =26 coNs( i xz (I) 
NO can Vector 1 
I 
yI 9TITL
SE+) TR DRAY 
I, ITEST(3), XZ(I) 
canSTERM(BVE NOIyes9o _RE 
icnSTP (BE NO=0 
Fig. 6-5 (concl) 
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6.3.6 MRLC
 
Purpose: 	 To provide a plot of the number of TV pictures
 
that have a resolution of better than four
 
separate input levels as a function of time.
 
Calling Sequence: CALL.MRLC (DIREC) 
Input/Output: 
I/0 
I 
FORTRAN Name 
DIREC 
Definition 
Program Mode ­ plot accumulated Results 
if DIREC = 'plot', calculate only if not. 
I PLNAME(2,12) Planet name 
I TIM Maximum time span for plot scale (Days) 
I 
I 
0 
REC(9) 
P(60) 
PICS (4,9) 
Resolution at picture center (Km/Pixel) 
P(17, P(18), P(19) & P(20) are the four 
required resolution levels (Km/Pixel) 
Number of frames better than four levels 
for eight possible satellites and the 
planet of interest. 
Subprograms Required: ADV, MAPSSL, CHAROP, ABSBEM, SYMBOL, 
PSCONS, LINE, POINT & NUMBER. 
Approximate Storage Required (octal): 565 
Discussion: None 
Table 6-6 presents the MRLC listing; Fig. 6-6 is the MRLC 
flow diagram.
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Table 6-6 MRLC Listing
 
SUBROUTINE MRLC(DIREC)
 
COMMON/PLCONS/DUMMYD(28) PLNAME(29i2),DUMMYE(ia4)
 
COMMON/RAZOR/PICS(U+,9),SPPICS(4)
 
DIMENSION'SYM(4)
 
DATA SYM/3HO$.,3HX$.,3+$o,3HIS./
 
COMMON/HAN OO/TIMREC(9)REL(9) RESSMR(9),SMRR(9),SMRS(9)ITSMR(9)
 
XSPSMRSPSMRSSPTSMRSPSMRR
 4

DIMENSION SOUNIT(4),NS(9),ACPIC(4,8),ION( 8)- -,THING(3),PP(4)
 
DATA THING(3)/2H$./
 
DATA ION/32*0/
 
COMMON/FOROUT/DUMMYB(i3)tIPCNOUMMYC(4)
 
COMMON/CHA.RL.IE/NCODENRECIPIVS,NSCIFLSTNCB
 
COMMON/CHARAC/P(60)
 
COMMbN/JDAYS/XJDVTT
 
DATA-NS/09091,2,4,7.95,290/
 
DATA SOUNIT/O,19.0,O.ti.0/
 
IF(DIREC.EQ.4HPLOT) GO. TO 300­
IF(IFR.NEoO) GO TO i00
 
REWIND 12
 
PMAX=O0O
 
IFR . .
 
C
 
C MINIMUM RESOLUTION LEVELICALCULATION (MRLC) SUBROUTINE
 
C WILL COMPUTE THE NUMBER OF PICTJRES VS TIME WITHIN A
 
GIVEN RESOLUT-ION RANGE (SEE tVCIAR P(i?) THRU.P(20)).
o 

C BECAUSE CALCULATIONS TACE.PLACE DUING CALC STEPS ACCURACY
 
C LIES WITHIN PLUS.OR MINUS P09).
 
C
 
NSP=NS(IP)
 
NSX=NSP+i
 
100 00 140 I=itNSX
 
00 130 J=i,4
 
IF(ION(JI)oNE.O) GO. TO i10 .
 
IF(REC(I).GToP(i6 J)) GO TO 130
 
ION(J,I)=IPCN
 
ACPIC(JI1=i.
 
110 CONTINUE
 
IF(REC(I).GT.P(16+J)) GO TO 120
 
ACPIC(J$I)=ACPIC(J, I)tIPCN-ION(JI)
 
120 ION(JI)=IPCN
 
PICS(J,I)=ACPIC (JI)
 
IF(PICS(JvI).GT.PMAX) PMAX=PICS(JI)
 
130 CONTINUE
 
140 	CONTINUE
 
TP=TT/86400.
 
WRITE(i2) TPPICSSPPICS
 
RETURN
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Table 6-6 (concl) 
C 
C PLOT OF PICTURES PER MRL VS TIMEC 
300 	CONTINUE
 
DO 400 I=iNSX
 
REWIND 12
 
IFR=O
 
CALL FRAME
 
CALL MAPSSL(-TIMTIMi.OPMAXSOUNIT(1)JSOUNIT(2),SDUNIT3),SDUNIT
 
*(4))
 
CALL CHAROPT(O 0iiO)
 
CALL ABSBEAM(0°05,.02)
 
CALL SYMBOL (56HNUMBER OF PICTURES WITHIN SPECIFIED RESOLUTION LEVE
 
XLS S.)
 
IF(I.NE.1) GO TO 310
 
DO 305 K=i,2
 
305 THING(K)=PLNAME(K,IP)
 
GO TO 315
 
3±0 CALL PSCONS(THING4HNAMEI-jIP)
 
315 CONTINUE
 
CALL SYMBOL (THING 
CALL CHAROPT(09O,± 0,o)
 
CALL ABSBEAM(0.2,0.O±)
 
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS)S.

CALL CHAROPT(O,0,0O0O) 
320 	REAO(i2) TPICSSPPICS
 
IF(EOFoi2) 360,325 
325 	IF(IFR.EQ°O) GO TO 340
 
DO 330 J=i4
 
IF(PP(J).LE'O..OR.PICS-(JI).LEO.0) GO 
TO 330
 
.,CALL LINE(TPPP(J).,T,PICS(JI))
 
330 CONTINUE
 
GO TO 350
 
340 CONTINUE
 
IFR=i
 
DO 345 J=194
 
IF(PICS(JI).LE.g.o) GO TO 345
 
CALL POINT(TPqPICS(J,I)n
 
CALL SYMBOL (SYM (J)) 
345 CONTINUE
 
350 CONTINUE
 
00 355 J=1,4
 
355 PP(J)=PICS(J$,I)
 
TP=1 
GO TO 320 
360 	DO 365 J=i94
 
IF(PP(J).LE.0.0) GO TO 365
 
CALL POINT(TPPP(J))
 
CALL SYMBOL(SYM(-J)) 
XHT=O*98- (J-1)'0*03 
CALL ABSBEAM(O.75XHT)
 
CALL SYMBOL (SYM(J)) 
CALL SYMBOL (3H $.)
 
CALL NUMBER(P(16+J), 4HFS*1)

CALL SYMBOL (SH KMS.)
 
365 CONTINUE
 
400 CONTINUE
 
RETURN
END 	
_­
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FIRS USNOF NTHETHIS S E \ FIRST USE OF /NO
\CALCULATION/
 
INITIALIZE: SET PMAX (PLOT SCALE) = 0 
IFR =1, NSP = NO. OFSATELLITES, NSX = NSP+I 
[CONSIDER PLANET I=1 
IC0NSIDER IST RES LIMIT J = ii 
RSOLUTION
 
<RC() ,> 	j th LIMITYS 
? / DON' T COUNT 
ADD TO TOTAL ACCEPTABLE PICTURES,
 
ACPIC(J. I), THE PICTURE NUMBER, IPCN, 
AND SUBTRACT THE PICTURE NUMBER AT 
LAST CALCULATION ION (JjI) 
F.6 ALL FOURCONSIDERED6-54LIMITS NOBEEN 
NO 	 PLANET ANDI=I 	 ALL SATELLITES
 
SYES 
Fig. 6-6 MRLC Flow Diagram
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WRITE O1 TAPE 12 
TP, PICS I
 
RETURNI 
CONSIDER PLANET I = 1 
SETUP SEMILOG PLOT
 
AND LABEL WITH NAME ON 
PLANET OR SATELLITE, AND
 
TITLE RESOLUTION WITHIN
 
LIMITS "VERSUS" TIME FROM
 
ENCOUNTER
 
320
 
READ TAPE 12
 
TP, PICS (J,1)
 
PLOT NUMBER OR PICTURES
 
WITH RESOLUTION BETTER THAN
 
REQUIRED FOR 4 REQUIREMENTS 
ANNOTATE EACH CURVE 
WITH IDENTIFICATION
 
SYMBOL 
PLNE : 
YE SE 
F'ig. 6-6 (concl.)
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6.3.7 OTJAZ
 
Purpose: 	 To plot various parameters as a function of
 
time for all of the satellites of the subject
 
planet. The plots provided are:
 
1) Satellite Range versus Time;
 
2) Satellite Earth Phase Angle (&eg) versus
 
Time;
 
3) Satellite Cone Angle (deg) versus Time;
 
4) Satellite Clock Angle (deg) versus Time;
 
5) Sun-Sat-S/C Angle (deg) versus Time;
 
6) Satellite Half Angle (deg) versus Time;
 
7) *Time required to switch to Satellite at
 
Rate of 1 Deg/Sec versus Time
 
Calling Sequence: CALL OTJAZ (DIREC) 
Input/Output: 
I/0 FORTRAN Name Definition 
I DIREC Program Mode - Plot results if DIREC 
= 'PLOT', Calculate only if DIREC = 'CALC' 
I SSV(8) Sun-satellite-S/C angle for all satellites 
I SAF(8) Half angle subtended by all satellites 
I DCNCLK(8) The sum of the difference of the cone 
angles of the planet and satellite and 
the difference of the clock angles- of 
the planet and satellites 
I PHASE(8) Phase angle of all satellites 
I 
I 
XRCC(3,8) 
IP 
Range, cone & clock of all satellites 
from S/C. 
Planet index number 
I TT Time from periapsis (sec) 
Subprograms' required: ORBPOS, ABSV, MAPSSL," CHAROP, ABSBEM, 
SYMBOL, POINT, LINE, PSCONS, ADV, & 
MAPS 
Approximate Storage Required (octal): 2130
 
Discussion: None
 
Table 6-7 presents the OTJAZ listing; Fig. 6-7 is the OTJAZ
 
flow diagram.
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Table 6-7 OTJAZ Listing
 
SUBROUTINE OTJAZ(DIREC)

COMMON/POBEAR/SSV(8) ,SAF(8) ,HANGZDCNCLK(8)

DIMENSION DUMMYC(i3)
 
COMMON/PHASER/PHASE(8),XRCC (3,8)
COMON/CHARLIE/NCODEINREC vIPIVSNSC,IFLST,NcB
 
COMMON/JDAYS/JD V,TT
 
DIMENSION NS(9),THING(3)
 
DIMENSION SYM(8)
 
DATA SYM/3HO$- 3HXS. 93HS.,.3HIS., 3gH. ,3HTS.,3HZS. ,3HPS./

DATA THING(3)/2H$./
 
DATA IFRITRi/0 9i/ 
DATA NS/O,O1,2,4,7'5,290/
 
REALJDV
 
DIMENSION X(3),XP(3),XSAT(3),XE(3),R(3), 
 RADP(3),TARGE(3),

*TARGP(3) ,RSAT(3), XSS(3),SOJNIT(4) ,RDMIN(3)
 
DATA SDUNIT/O.1 i.0,0.±2,±.o/
 
COMMON/HANDO/TIMREC(9),REL(9),RESPSNR(9),SMRR(9),SMRS{9)TSMR(9)
 
XSPSMRSPSMRS ,SPTSMRSPSMRR 
IF(DIREC.EQ.4HPLOT) GO TO 120
 
IF(IFR.EQ.i) GO TO 100
 
REWIND 9
 
RPD=3.14159/180. 
CALL ORBPOS(RDMINO.0)
 
RAMIN=ABSV(ROMIN) 
NSP=NS (IP)
 
REWIND ITRI
 
IFR=i 
i00 	CONTINUE
 
T=TT/86400.
 
WRITE(ITRI) TPHASE, XRCC
 
WRITE(9) TpSSVSAFHANG2,D)CNCLK 
RETURN
 
120 CONTINUE
 
C
 
C SATELLITE RANGE VS TIME PLOT 
C 
REWIND 7
 
READ(7) DUMMYCRA
 
RP=R(i). 
REWIND 7
 
CALL FRAME
 
CALL MAPSSL (-TIMTIMRAMINRPSDUNIT(i),SDUNIT(2),SDUNIT(3),
 
*SDUNIT (4))
 
CALL CHAROPT(0,C9ii,0)
 
GALL ABSBEAM(0.05,0.2)
 
CALL SYMBOL(25HRANGE OF SATELLITE (KM)S.)
 
CALL CHAROPT(0,099OO)
 
CALL ABSBEAM(O.2,0.Oi)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) S.)
 
GALL CHAROPT(a,0,O,o)
 
00 50 ITB=i,NSP
 
REWIND ITRi
 
READ(ITR±) TPPHASEvXRCC
 
RP=XRCC_( ,.ITB) 
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IF(RP.LE.O.O) GO TO 150
 
CALL POINT(TPRP)
 
CALL SYMBOL (SYM(ITB))
 
0id 	 CONTINUE 
REA(ITRi) TPHASEXRCC
 
IF (EOF , ITR1) 148 440
 
140 CONTINUE
 
CALL LINE(TPqRPTXRCC(iITB))
 
TP=T 
RP=XRCC(IITB)
 
GO TO 130
 
148 	CONTINUE
 
CALL POINT(TPRP)
 
CALL SYMBOL (SYM(ITB))
 
XHT=0. 98-(ITB-i)hO.03
 
CALL ABSBEAN(0.75,XHT)
 
CALL SYMBOL (SYM(ITB))
 
CALL SYMBOL (3H S.) 
CALL 	PSCONS(THING,4HNAMEITBIP)
 
CALL SYMBOL (THING) 
150 	CONTINUE
 
REWIND ITRI 
CALL FRAME
 
C 
C SATELLITE PHASE ANGLE VS TIME PLOT
 
C 
CALL MAPS (-TIMTIMO.O210OOSDUNIT(i),SDUNIT(2),SDUNIT(3),SDUNIT
 
X(4))
 
CALL CHAROPT(O00±,±o)
 
CALL ABSBEAM(0o05,0.2)
 
CALL SYMBOL (29HSATELLITE PHASE ANG.E (DEG)t.)
 
CALL CHAROPT(a0oUi0,0)
 
CALL ABSBEAM(0.29O.0i)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS)S. )
 
CALL CHAROPT(000,00)
 
00 153 ITB=±NSP 
REWIND ITRi
 
REAO(ITRI) TPPHASEXRCC
 
PHP=PHASE(ITB)/RPD
 
CALL POINT(TPPHP)
 
CALL SYMBOL(SYM(ITB))
 
151 	CONTINUE
 
READ (ITR) TPHASEXRCC
 
IF (EOF , ITR1)i053,i52
 
152 	CONTINUE
 
PHASES=PHASE(ITB)/RPO
 
CALL LINE(TPvPHPTPHASES)
 
TP=T
 
PHP=PHASES
 
GO TO 151 
1053 	CONTINUE
 
CALL POINT(TPPHP)
 
CALL SYMBOL(SYN(CTB))
 
XHT=0o98-(ITB-i)*0. 03 
CALL ABSBEAM(O.75-XHT) 
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Table 6-7 (cont) 
CALL SYMBOL (SYM(ITB) 
CALL SYMBOL (3H $o) 
CALL PSCONS (THING,4HNAMEiITBIP)
 
CALL SYMBOL(THING)
 
153 CONTINUE
 
CALL FRAME
 
C 
C SATELLITE CONE ANGLE VS TIME PLOT
 
C
 
CALL MAPS(-TIMTIMoOa,2O.fOlSDUNIT,(i)vSDUNIT(2)tSDUNIT(3)#SDUNIT(
 
X4) )
 
CALL CHAROPT(OU,1,1,Q)
 
CALL ABSBEAM(O.590.2)
 
CALL SYMBOL(28HSATELLITE CONE ANGLE (DEG)$.)
 
CALL CHAROPT(O91,U,O).
 
CALL ABSBEAM(O.20.0i)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) S.)
 
CALL CHAROPT(OpC0O,)090
 
00 156 ITB=1,NSP
 
REWIND ITRI
 
READ(ITR±) TP 9PHASEXRCC
 
RP=XRCC(2,ITB)
 
CALL POINT(TPRP)
 
CALL SYMBOL(SYM(ITB))
 
154 	CONTINUE
 
READ CITRI) TPHASEXRCC
 
IF(EOFITRi)i056,155
 
155 	CONTINUE
 
CALL LINE(TPRPT,XRCC(2,ITB))
 
TP=T
 
RP=XRCC(2,ITB)
 
GO TO 154
 
i56 CONTINUE
 
CALL POINT(TPRP)
 
CALL SYMBOL (SYM,(ITB))
 
XHT=0.98-(ITB-i)*0.03
 
CALL ABSBEAM(O.75,XHT)
 
CALL SYMBOLCSYM(ITB))
 
CALL SYMBOL(3H $=)
 
CALL PSCONS(THING,4HNAMEITBIP)
 
CALL SYMBOL (THING) 
156 	CONTINUE
 
CALL FRAME
 
C 
C SATELLITE CLOCK ANGLE VS TIME PLOT 
C 
CALL MAPS(-TIM,1IM,O.O,390.OSDUNIT(i),SDUNIT(2)hSDUNIT(3),SDUNIT(
 
X4))
 
CALL CHAROPT(0,16i,1,0)
 
CALL'ABSBEAM(O.05,0.2)
 
CALL SYMBOL (29HSATELLITE CLOCK ANGLE (DEG)$.)
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CALL CHAROPT(0,G i 0)
 
CALL ABSBEAM(029,0Oi)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS)S. )
 
CALL CHAROPT(0090,0)
 
DO 159 ITB=iNSP
 
REWIND ITRI
 
READ(ITRi) TPgPHASEXRCC
 
RP=XRCC(3ITB)
 
CALL POINT(TPRP)
 
CALL SYMBOL(SYM(ITB))
 
157 	CONTINUE
 
READ (ITRi) TfPHASEXRCO
 
IF (EOFITRI)10599158
 
158 	CONTINUE
 
CALL LINE(TPRPTXRCO(3,ITB))
 
TP=T
 
RP=XRCCG(3,ITB)
 
GO TO 157
 
1059 	CONTINUE
 
CALL POINT(TPRP)
 
CALL SYMBOL(SYM(ITB))
 
XHT=098-(ITB-i)#Oo03
 
CALL ABSBEAM(0,759XHT)
 
CALL SYMBOL(SYM(ITB))
 
CALL SYMBOL(3H So)
 
CALL PSCONS(THING,4HNAMEITBIP)
 
CALL SYMBOL (THING)
 
159 CONTINUE
 
REWIND ITRI
 
CALL FRAME
 
CALL MAPS(-TIMTIM, OO,210.OtSDJNIT(i),SDUNIT(2),SDUNIT(3),
 
XSOUNIT(4))
 
CALL CHAROPT(090,19i,0)
 
CALL ABSBEAM(O.05,0.2)
 
CALL SYMBOL(25HSUN-SAT-S/C ANGLE (JES)S.)
 
CALL CHAROPT(OU i,00)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) So)
 
CALL CHAROPT(0,0O,31OO)
 
00 360 ITB=iNSP
 
REWIND 9
 
IFR=O
 
310 	CONTINUE
 
READ(9) TSSVSAF
 
IF(EOF,9) 350,320
 
320 	IF(IFR.EQ.O) GO TO 330
 
CALL LINE(TPSSPTSSV(ITB))
 
330 	CONTINUE
 
IF(IFR.NE,O) GO TO 340
 
IFR=i
 
CALL POINT(TSSV(ITB))
 
CALL SYMBOL(SYM(ITB))
 
340 	CONTINUE
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Table 6-7 (cont)
 
TP=T
 
SSP=SSV (ITS)
 
GO TO 310
 
350 	CONTINUE
 
CALL POINT(TPoSSP)
 
CALL SYMBOL (SYM(ITB))
 
XHTO .98-(ITB-)#0.03
 
CALL ABSBEAM(O.75,XHT)
 
CALL SYMBOL (SYM (ITB))

CALL SYMBOL (3H S.)

CALL PSCONS(THING,4HNANEITBIP)
 
CALL SYMBOL (THING) 
360 	CONTINUE
 
CALL FRAME
 
CALL MAPS (-TIM,TIMt-03.,PO7 ,SOUNIT(1),SDUNIT(2),SOUNIT(
3 )
XSDUNIT (4))
 
CALL CHAROPT(O 0,±g,o0)
 
CALL ABSBEAM(O.051O.2)
 
CALL SYMBOL(28HSATELLITE HALF ANGLE 
(DEG)S.) 
CALL CHAROPT(O,0,i0"0)
 
CALL ABSBEAM(O.2,0.0)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER.(DAYS) S,)

CALL CHAROPT(OIJ,0,0)
 
DO 460 ITB=±,NSP
 
REWIND 9
 
IFR=O
 
410 	CONTINUE
 
READ(9) TSSVSAF
 
IF(EOF,9) 450,420
 
420 	IF(IFR.EQ.O) GOTO 430
 
CALL LINE(TPqSSPTSAF(TB))
 
IF(IFR.NE.o) GO TO 440 
430 	CONTINUE
 
IFR=i 
CALL POINT(TSAF(ITB))
 
CALL SYMBOL (SYM (ITO)) 
440 	CONTINUE
 
TP=T
 
SSP=SAF (ITB)

GO TO 410 
450 	CONTINUE 
CALL POINT(TPSSP) 
CALL SYMBOL (SYM(ITB)) 
XHT=0O98-(ITB-±)0.03 
CALL ABSBEAMO.?75XHT) 
CALL SYMBOL(SYM(ITB)) 
CALL SYMBOL (3H $.)

CALL PSCONS(THING,4HNAMEITBIP)
 
CALL SYMBOL (THING) 
4.60 	CONTINUE
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475 

480 

485 

500 

Table 6-7 (concl) 
IFR=O 
CALL FRAME
 
CALL MAPS(-TIHTIMO.p360.,SOUNIT(t),SDUNIT(2),SDUNIT(3),SDUNIT
 
X(4))
 
CALL CHAROPT(OO,±iO)
 
CALL ABSBEAM(O.05,.05)
 
CALL SYMBOL(6OHTIME REQUIRED TO SWITCH TO SATELLITE AT RATE OF 1,
 
XDEG/SEC$o)
 
CALL CHAROPT(,O,,19090)
 
CALL ABSBEAM(0.2v0°O±)
 
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
 
CALL CHAROPT(OOOO,0)
 
DO 500 ITB:IzNSP
 
REWIND 9
 
IFR=O
 
CONTINUE
 
READ(9) TSSVSAFHANGZDCNCLK
 
IF(EOF,9) 485,470
 
IF(IFR.EQ.O) GO TO 475
 
CALL LINE(TPOCNCLiTDCNCLK(ITB))
 
IF(IFR.NE.O) GO TO 480
 
CONTINUE
 
IFR=±
 
CALL POINT(TOCNCLK(ITB))
 
CALL SYMBOL(SYM(ITB))
 
CONTINUE
 
TP=T
 
DCNCLi=DCNCLK(ITB)
 
GO TO 465
 
CONTINUE
 
CALL POINT(TPDCNCLi)
 
CALL SYMBOL(SYM(ITB))
 
XHT=Oo98-(ITB-1)0.03
 
CALL -ABSBEAM(o75XHT),
 
CALL SYMBOL(SYM(ITB))
 
CALL SYMBOL(3H $.)
 
CALL PSCONS(THING4HNAMEITBIP)
 
CALL SYMBOL (THING)
 
CONTINUE
 
IFR=0
 
CALL FRAME
 
RETURN
 
END
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( IN YES 
MOENO 
'INITIALIZE 'FINDt : 
MIN RANGE = RA MIN 
NO. OF SAT - NSP 
WRITE ON TAPE 11 
, PHASE, XRCL 
WRITE ON.TAPE 9. 
,SSV, SA, HANG2, DCNCLK 
S RETURN 
READFROM TAPE 11 
T, PHASE (8), XRCL(3,8))
 
PLOT SEMILOG GRAPH OF RANGE
 
TO 8 POSSIBLE SATELLITES
 
VS DAYS FROM ENCOUNTER
 
PLOT LINEAR GRAPH OF PHASE 
ANGLE FOR 8 POSSIBLE SATELLITES 
VS DAYS FROM ENCOUNTERI-

PLOT LINEAR GRAPH OF CONE
 
ANGLE FOR 8 POSSIBLE SATELLITES
 
VS DAYS FROM ENCOUNTER
 
PLOT LINEAR GRAPH OF CLOCK
 
ANGLE FOR 8 POSSIBLE SATELLITES
 
VS DAYS FROM ENCOUNTER
 
Fig. 6-7 OTJAZ Flow Diagram
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READ FROM TAPE 9
 
T, SSV(8), SAF(8), HANG2, DCNCLK
 
PLOT LINEAR GRAPH OF SUN-SAT-S/C
 
ANGLE FOR 8 POSSIBLE
 
SATELLITES VS DAYS FROM ENCOUNTER
 
PLOT LINEAR GRAPH OF HALF ANGLES FOR
 
8 POSSIBLE SATELLITES
 
VERSUS DAYS FROM ENCOUNTER
 
PLOT LINEAR GRAPH OF TIME REQUIRED 
TO SWITCH TO SATELLITE AT RATE 
OF 1 DEG-PER SEC
 
VERSUS DAYS FROM ENCOUNTER
 
Fig. 6-7 (concl)
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6.3.8 OTPLT
 
Purpose: 	 To plot planet (and specified satellite) range,
 
phase angle, cone angle, and clock angle versus
 
time. 
Calling Sequence: CALL OTPLT 
Input/Output: 
I/O 
I 
I 
FORTRAN Name 
RSAT(3) 
PHASE 
Definition 
Range, cone & clock angles of satellite from 
s/c, 
Planet phase angle 
I 
I 
PHASES 
TIM 
Satellite phase angle 
Maximum time range for plot (days) 
Subprograms Required: ORBPOS, MAPSSL, MAPS, CHAROP, ABSBEM, 
SYMBOL, LINE,& ADV 
Approximate Storage Required (octal): 1654 
Discussion: None 
Table 6-8 presents the OTPLT listing;-Fig. 6-8 is the OTPLT 
flow diagram.
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Table 6-8 OTPLT Listing
 
SUBROUTINE OTPLT
 
REALJOV
 
DIMENSION X(3),XPC3),XSAT(3),XE(3),qR(3), RADP(3),TARGE(3)9

4 TARGP(3) ,RSAT(3), XSS(3),SDUNIT(4) 9RDMIN(3)

COMMON/HANDO/TIMREC(9),REL(9)qRESISMR(9)SMRR(9)SMRS(9),TSMR(9)
 
X,SPSMR,SPSMRSSPTSMRSPSMRR
 
DATA SOUNIT/0.1,1.0O .i91.0/
 
RPD=3. 141591180. 
C PLANET RANGE PLOT
 
C 
REWIND, 7 
CALL ORBPOS(ROMINI,.0)
 
RAMIN=ABSV(ROMIN)
 
REAO(7) TXXXP, XSATXER
 
RP=R(1)
 
TP=TX/86400.
 
CALL MAPSSL(-TIMTIMRAMINpRPSDUNIT() ,SDUNIT(2),SDUNIT(3)9
 
SDUNIT(4)) , .
 
CALL CHAROPT(O,0,±1,0)
 
CALL ABSBEAM(O.05,.2)
 
CALL SYMBOL(23HRANGE OF PLANET (KM) S.)
 
CALL CHAROPT(090919a90)
 
CALL ABSBEAM(O.2,oq'01
 
CALL SYMBOL(29HTIME FROM ENCOUNTER IDAYS) $°)
 
100 	CONTINUE
 
READ(7)TXXXP XSATXER 
IF (EOF,7)±20,1±0
 
110 T=TX/86400.
 
CALL LINE(TPRPTR(i))
 
TP=T 
RP=R(i)

GO TO 100 
120 	CONTINUE
 
REWIND 7
 
CALL FRAME
 
G 
C PLANET PHASE ANGLE VS TIME PLOT
C 
CALL MAPS (-TIM9 TI,90o09:.80o09SDUNIT 
 ( 
X4) ) 
CALL CHAROPT(0,01i,0n)
 
CALL ABSBEAM(Of05.90.2)
 
CALL SYMBOL(26HPLANET PHASE ANGLE (DEG)$.)
 
CALL CHAROPT(0,i,0,0)
 
CALL ABSBEAM(O.2,001)
 
CALL SYMBOL (29HTIME FROM ENCOUNTER (OAYS)S.
 
READ(7) TXXXPXSATXERPHASE
 
TP=TX/86400.
 
PHP=PHASE/RPD
 
121 	 CONTINUE. -­
-
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Table 6-8 (cont)
 
READ(7) TXXXPXSATXERPHASE
 
IF(EOF,7) 1231,122
 
122 CONTINUE
 
PHASE=PHASE/RPD
 
T=TX/86400,
 
CALL LINE(TPPHP,TPHASE) 
TP=T
 
PHP=PHASE
 
GO TO 121
 
123 	CONTINUE
 
REWIND .J 
CALL FRAME
 
C 
C PLANET CONE ANGLE VS TIME PLOT
 
C 
CALL MAPS(-TIMITIMO.O,18O.OSDUNIT(1),SDUNIT(2),SDUNIT(3)pSDUNIT(
 
X4))
 
CALL CHAROPT(Oppiio)
 
CALL ABSBEAM(O.05,0.2)
 
CALL SYMBOL (25HPLANET CONE ANGLE (DEG)$.)
 
CALL CHAROPT(OC,2,OO)
 
CALL ABSBEAM(O.2,0.01)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS)S. )
 
READ(7) TXXXPXSATpXERPHASE
 
TP=TX/86400.
 
RP=R(2)
 
124 	CONTINUE
 
READ(7) TXXXPXSATXERPHASE
 
IF(EOF,7) 126,125
 
125 	CONTINUE
 
T=TX/86400 
CALL LINE(TPRPqTR(2))
 
TP=T
 
RP=R(2)
 
GO TO 124
 
126 	CONTINUE
 
REWIND 7
 
CALL FRAME
 
C 
C PLANET CLOCK ANGLE VS TIME PLOT
 
C
 
CALL MAPS(-TIMTIMO.O,360.OSDUNIT(i),SDUNIT(2),SDUNIT(3),SDUNIT(
 
X4))
 
CALL CHAROPT(ODji,±,O)
 
CALL ABSBEAM(O,05,.2)
 
CALL SYMBOL(26HPLANET CLOCK ANGLE (DEG)$)
 
CALL CHAROPT(O,0,100 0)
 
CALL ABSBEA(UO.2,0.0i)
 
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS)S. )
 
REA (7) TX, X,XPXSATXERPHASE
 
TP=TX/86400.
 
RP=R(3)
 
127 	 CONTINUE 
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Table 6-8 (cont)
 
REAO(7) TXXXPXSATXERPHASE
 
IF(EOF97) 129-9128 
128 	CONTINUE
 
T=TX/86400.
 
CALL LINE(TPRPTR(3))
 
TP=T
 
RP=R(3)
 
GO TO 127
 
129 CONTINUE
 
REWIND 7
 
CALL FRAME
 
C 
C SATELLITE RANGE VS TIME PLOT
 
C
 
READ(7)TXgXXPgXSATXERPHASERAD' TARGEgTARGPRSAt 
RP=RSAT (1) 
TP=TX/86400. 
CALL MAPSSL(-TIMTIMRAMINRPSDUNIT(i),SDUNIT(2)SDUNIT(3), 
*SOUNIT(4)) 
CALL CHAROPT(Ov0,igi,) 
CALL ABSBEAM(O.05,O.2) 
CALL SYMBOL(25HRANGE OF SATELLITE (KM)S.)
 
CALL CHAROPT(O0,,1,0,O)
 
CALL ABSBEAM(O.2,0.01)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) So)
 
130 	CONTINUE
 
READ(7) TXX P,XSAT XE, R,PH ASE, RADP, TARGE,T ARGP, RSAT
 
IF (EOF,.7)150,140
 
140 	CONTINUE
 
T=TX/86400o 
CALL LINE-(TPRPTRSAT(i))
 
TP=T
 
RP=RSAT (1)
 
GO TO 130 
150 	CONTINUE
 
REWIND I
 
CALL -FRAME
 
C 
C SATELLITE PHASE ANGLE VS TIME PLOT
 
C 
CALL MAPS (-TIMTIM,Oo0 i80.O3,SDUNiT(i),SDUNIT(2),SDUNIT(3),SDUNIT
 
X(4)) 
CALL CHAROPT(0tiiO)
 
CALL ABSBEAM(O.5,.2)
 
CALL SYMBOL(29HSATELLITE PHASE ANGLE (DEG)S.)
 
CALL CHAROPT(O0O,00)
 
CALL ABSBEAM(0.21,0.0)
 
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS)SO )
 
READ(7) TXX,XPXSATXERPHASERADPTARGE,TARGPRSATPHASES
 
TP=TX/06400.
 
PHP=PHASES/RPD
 
151 	 CONTINUE 
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Table 6-8 (cont)
 
READ(7) TX,X, XPXSATXE,RPPHASERA)P,TARGETARGPRSATPHASES
 
IF(EOF,?) 153,152
 
152 	CONTINUE
 
PHASES=PHASES/RPD
 
T=TX/86400.
 
CALL LINE(TPPHPTPHASES)
 
TP=T
 
PHP=PHASES
 
GO TO 151
 
153 	CONTINUE
 
REWIND 7
 
CALL FRAME
 
C
 
C SATELLITE CONE ANGLE VS TIME PLOT
 
C
 
CALL MAPS(-TIMTIMO.O,±80.OSDUNIT(i),SDUNIT(2),SDUNIT'(3),SDUNIT(
 
X4) ) 
CALL CHAROPT(00iiO)
 
CALL ABSBEAM(O.05p0.2)
 
CALL SYMBOL (28HSATELLITE CONE ANGLE (DEG)$o)
 
CALL CHAROPT(OOviOa)
 
CALL ABSBEAM(O.2,0.01)
 
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) S.)
 
READ(7) TXXXPXSATXERPHASERADPTARGETARGPRSATPHASES
 
TP=T/86400.
 
RP=RSAT(2)
 
154 	CONTINUE
 
READ(7) TXgX,XPXSATXERPHASERAOPTARGETARGPRSATPHASES
 
IF(EOF7) 156,155
 
155 	CONTINUE
 
T=TX/86400.
 
CALL LINE(TP,RPT,RSAT(2))
 
TP=T
 
RP=RSAT(2)
 
GO TO 154
 
156 	CONTINUE
 
REWIND 7
 
CALL FRAME

"C
 
C SATELLITE CLOCK ANGLE VS TIME PLOT
 
C
 
CALL MAPS(-TIN, TIM, O.O,360.OSOUNIT(),SOUNIT(2),SDUNIT(3),SDUNIT(
 
X4))
 
CALL CHAROPT(O,ciiO)
 
CALL ABSBEAM(O.05,0.2)
 
CALL SYMBOL(29HSATELLITE CLOCK ANGLE (DEG)So)
 
CALL CHAROPT(OC,,0,O)
 
CALL ABSBEAM(O.2,O.Oi)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS)S. )
 
READ(7) TX,X,XPXSATXERPHASERA)PTARGETARGPRSATPHASES
 
TP=TX/86400,
 
RP=RSAT(3)
 
1
±57 	CONTINUE
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Table 6-8 (concl)
 
READ(7) TXXXPXSATXERvPHASERA]PTARGETARGPRSATPHASES 
IF(EOF,7) 159,158 
158 	CONTINUE
 
T=TX/86400.
 
CALL LINE(TPRPTRSAT(3))
 
TP=T
 
RP=RSAT(3)
 
GO TO 157
 
159 	CONTINUE
 
REWIND 7
 
CALL FRAME
 
RETURN
 
END
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INITIALIZE SUBROUTINE.
 
FIND ORBITAL POSITION AT
 
PERIAPSIS FOR MINIMUM
 
RANGE OF PLOT. READ FIRST
 
ENTRY OF R(4) ON TAPE 7 
FOR MAXIMUM RANGE ON PLOT.
 
READ FROM TAPE 7 
TX, X, XL, XSAT, XE, R, PHASE 
I 
FLOT SEMILOG GRAPH OF
 
PLANET RADIUS VERSUS DAYS
 
FROM ENCOUNTER
 
120
 
PLOT LINEAR GRAPH OF
 
PLANET PHASE ANGLE VERSUS
 
SAYS FROM ENCOUNTER
 
AYS FRO NCUNTER 
PLOT LINEAR GRAPH OF 
PLOT LINE GRAH OFAE
 
CLOCK ANGLE VERSUS fAYS 
FROM ENCOUNTER
 
READ FROM TAPE 7 
XX XP, XSAT. XE- R- PHASE,? RADP, TARGE, TARGP, S) 
PLOT SEMILOG GRAPH OF SPECIFIED
 
SATELLITE RANGE VERSUS
 
DAYS FROM ENCOUNTER
 
Fig. 6-8 OTPLT Flow Diagram
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3)50 
IPLOT LINEAR GRAPH OF SPECIFIED
 
SATELLITE PHASE ANGLE VERSUS
 
DAYS FROM ENCOUNTER 
153
 
PLOT LINEAR GRAPH 
 OF SPECIFIED 
SATELLITE CONE ANGLE VERSUS
 
DAYS FROM ENCOUNTER 
PLOLIEARG APRI OF SPEC!FIEDi 
SATELITE COCK ANGLE VERSUS
 
DAYS FROM ENCOUNTER 
RETURN 
Fig. 6-8 (concl)
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6.3.9 PIC2 
Purpose: 	 To plot the principal body (planet or satellite)
 
complete with latitude parallels and ldngitude
 
meridian lines showing the proper perspective
 
in relationship to the distance from the view­
ing spacecraft and the proper angle of view of
 
the TV camera. In the case of a planet, an­
notated position of visible satellites is also
 
plotted. 
Calling Sequence: CALL PIC2 (ANG2A, ANG2B) 
Input/Output: 
I/0 FORTRAN Name Definition 
I 
I 
I 
I 
I 
ANG2A 
ANG2B 
IPCN 
TITLE(13) 
IP 
Vertical camera field of view (deg) 
Horizontal camera field of view (deg) 
Picture number 
Mission title (78 characters) 
Planet index number 
I 
I 
I 
IVS 
IFLSI 
NCB 
Satellite index number (selected) 
Run type flag = 1 - satellite run only 
= 0 - planet run 
Principal body flag = 0 - on planet 
= I ­ switched to 
satellite 
I 
I 
I 
I 
I 
0 
0 
O 
X(3) 
RPL(12) 
VW(3) 
PM(3) 
R . 
TANR 
ASDP 
SCALE 
Vector to S/C from principal body 
Radius of planet (km) 
Viewpoint vector 
Prime meridian vector 
Range or planet from S/C (km) 
Tangent of 1/2 angle of principal body 
half angle of principal body 
Plotting scale set by frame field of 
view of principal body half angle 
.Subprograms Required: TCONV, ARCSTP, PLASAT, PSCONS, 
VVIEW, VPROJ, SDINIT, LINE, 
CHAROP, ABSBEN, SYMBOL, NUMBER, 
SATS, DISK, SHADER, PGLOBE, 
PARLEL, MERIDN, VSCALE, VUNIT, 
ADV, VCROSS, ANGV, LOOK, LOCATE 
& FPLOT 
Approximate Storage Required (octal): 665
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Discussion: 	The subroutine plots the planet in the proper
 
angular relationship to the outline of the
 
frame. When the frame is smaller than the
 
planet, the footprint of the frame is plotted
 
on the planet surface.
 
Table 6-9 presents the PIC2 listing; Fig. 6-9 is the PIC2
 
flow diagram.
 
6-74
 
MCR-71-181 
Table 6-9 PIC2 Listing
 
SUBROUTINE PIC2(ANG2AAND2B)
 
COMMON/FOROUT/OUMMYB(I3) 9IPCNDUMMYC(4)
 
COMMON/HEDING/TITLE (13)
 
COMMON/CHARLIE/NCODENREC ,IPIVSNSCIFLSTNCB
 
COMMON/GEOM/XE(3) ,XP (3) 
DIMENSION ICLK(3) 
DIMENSION CLOCK(4),LABLE(8),SN(3)
 
DIMENSION UX(3),UPV(3)pUPM(3)
 
COMMON/EXTRA/RPLPROT
 
COMMON/VW/VWP (3),RIPASQP
 
CONMON/POINT/VC (3,9),P(3,9)
 
COMMON/FLYBY/DUMI{(6),X(3),0UM2(6),SV(3)
 
COMMON /PLCONS/GMSGMPL(12) ,RSRPL(i2)hSNAME(2),PLNANE(2,i2),
 
X SPV(3),PLPV(3,12),SVE(3),PLVE(3,.2 ,SROTPLROT(i2)lSOBLPLOBL(2)
 
COMMON /CVPLOT/VT(3),VR(3)gVW(3)RPPTANRR2,SCALER(3) PEN
 
COMMON/PCOORD/PV(3) ,VE(3) ,PM(3)
 
DIMENSION QL(3)
 
COMMON/PLTBUF/B UF(20)
 
DIMENSION UCK(8)
 
DIMENSION SCUNIT(4) ,CODRD(4)
 
DATA SCUNIT/O.i4289O.8572,0.14289O.8572/
 
DIMENSION QZ(3)
 
COMMON/TRA/TRACE
 
REAL LATpLONG
 
DIMENSION GOK(3)
 
REAL 	JOV
 
DIMENSION VQ(3,9)
 
COMMON/JDAYS/JD VTT 
DATA PI/3o1415926536/
 
DATA QZ/7.0,-90.0,300/
 
DATA QL/08.,-i80.0,45.0/
 
ANG2=AMAXi(ANG2AANG2B)
 
NSAT=O
 
CALL 	 TCONV(CLOCK,5HCLOCKABS(TT) ,3HSEC) 
884 	 FORMAT(*TIME AFTER ENCOUNTER = *Il* DAYS *12 * HRS *I2p* MIN*)
 
883 	 FORMAT(*TIME BEFORE ENCOUNTER = *149* DAYS *12p* HRS *12$* MIN*)
 
CALL ARCSTP(5.)
 
TWIST=O.O
 
IF(NCB.EQ.i) CALL PLASAT(SVJDVIVSIP)
 
RPP=RPL (IP)
 
IF(NCB.EQ.1) CALL PSCONS(RPP6HRADIUSIVSpIP)
 
ANG3=ANG2/2 .0
 
CALL VVIEW(0,0,00,IP)
 
CALL VPROJ
 
TANR-SQRT(RPP*RPP/(R2*R2-RPP*RPP))
 
TANK=ATAN(TANR) 4 (i80.O/PI)
 
IF(TANK.GE.ANG3) ANG3=TANK
 
SCALE=TAN(ANG3 PI/,80.O)
 
COORD (1) =-SCALE
 
COORD(2)=SCALE
 
COORD (3)=-SCALE 
COORD(4)=SCALE
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Table 6-9 (concl)
 
CALL SDINIT(BUF,20COORDSCUNIT)
 
CALL LINE( SCALE, SCALE, SCALE,-SCALE)

CALL LINE( SCALE,-SCALE,-SCALE,-SCALE) 
CALL LINE(-SCALE,-SCALE,-SCALE, SCALE)
 
CALL LINE(-SCALE, SCALE, SCALE, SCALE)
 
CALL CHAROPT( 0,1iO)
 
CALL ABSBEAM(0.05,0.2)
 
CALL SYMBOL (17HPICTURE NUMBER t.)
 
CALL NUMBER(IPCN,2HI8)
 
CALL CHAROPT(0,01,0,0,)
 
CALL ABSBEAM(0.0,0.i)
 
00 100 IFL=I±6
 
100 UCK(IFL)=TITLE(IFL)
 
UCK(7) =2H$. 
CALL SYMBOL (UCK)
CALL ABSBEAM(O.0O.05) 
00 110 IFL=7v13 
1,10 UCK(IFL-6)=TITLE(IFL) 
UCK(8)=2H$. 
CALL S-YMBOL (UCK) 
IF(IFLST.NE.i.AND.NC.NE.1) GO TO I
 
NSAT=IVS
 
CALL SATS(qC,IPNSATJoVqa)
 
CALL ISK(IP,-NS AT,0,0,0)
 
CALL SHADER(50. 0SN)
 
CALL PGLOBE(PMJDVIP)
 
CALL PARLEL (PVQZ) 
CALL NERIDN (PVPMQL)
 
CALL VSCALE(SN,-XP-1.)
IF(TT.LE.0.) ENCODE (499 883,LABLE) (CLOCK(J) ,J=±,3) 
IF(TT.GT.O.) ENCODE(49,884,LABLE) (CLOCK(J),J=l,3)
 
CALL SCPRNA (BUFB9O,300,20,90 .9LABLE5)­
IF(TANKoLT.ANG2/2,O) GO TO 10
 
SAVE=TRACE
 
ASD P=-T'ANK
 
CALL VUNIT(UXX)
 
CALL VUNIT(UPVPV)
 
-CALL VUNIT(UPM PM)
 
RPLP=RPP
 
ROT=PLROT (IP) 
00 5 I=i,3 
5 	VWP(I)=VW(I)
 
RIP=R2
 
ANG4A=ANG2A/2?0 .
 
ANG4B=ANG2B/2.0
 
'CALL FRAMEI(PANG4AANG4B)
 
LAT=90.O-ANGV (UPVUX,6HDEGREE)
 
CALL VCROSS(GOKUXUPV) 
LONG=90.0+ANGV(GOKUPM6HDEGREE)
 
CALL LOOK (DUM,CONEr CLOCK ZLAT rLONG)
 
CALL LOCATE (VQ,CONE, CLOCK TWIST)
 
CALL FPLOT(VQ)
 
TRACE=SAVE
 
10 CONTINUE
 
CALL FRAME
 
'RETURN
 
END 
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SET VIEWPOINT AND PERSPECTIVE 
AS SEEN FROM SPACECRAFT
 
SET PLOTTING SCALE EQUAL TO LARGER
 
OF PLANET/SATELLITE HALF ANGLE OR
 
CAMERA FIELD OF VIEW 
VIEW AND ANNOTATE WITH PICTURE NO. TITLE
 
PLOT SATELLITE POSITIONS WITH A "T",
 
DRAW PLANET DISK, SHADE AREA BEHIND
 
TERMINATOR, DRAW MERIDIANS AND PARALLELS
 
is
 
ANGULAR
 
SIZE OF PLANET
 
NO - GREATER THAN * YES
NO CAMERA FIELD/ 
FND UNIT VECTORS FROM S/C TO 
PRINCIPAL-POINTS OF TV FRAME 
FIND LAT-& LONG. OF SUB-S/C POINT 
FIND RANGE, CONE, & CLOCK ANGLE OF SUB-S/C PT 
FIND VECTORS FROM PLANET CENTER TO PRINCIPAL
 
POINTS OF TV FRAME 
PLOT CONNECTIONS BETWEEN'PRINCIPAL POINTS OR
 
TOWARD THEIR POSIIONS IF OFF P'LANET DISK
 
Fig. 6-9 PIC2 Flow Diagram 
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6.3.10 PICIN 
Purpose: To determine if the time interval set for TV 
frames is compatible with system bit storage, 
transmission bit rates, and bits per picture, 
and adjust if necessary.
 
Calling sequence: CALL PICIN
 
Input/Output: 
I/O FORTRAN Name 
I ROTW (3) 
I/0 TFRAM/P(29) 
I/0 TSTAR/P(31) 
I/0 TSTOP/P(37) 
I/O DTUSE/P(33) 
I/0 BULK/P(34) 
I/0 BULKO/P(35) 
I/0 XBPS/P(36) 
I/0 SCIBPS/P(37) 
I/O BUFCAP/P (38) 
I/0 BPPIC/P(49) 
I/O P(50) 
0 STORD 
0 TVOUT 
0 DTPIC 
0 PICPHR 
0 PICPDA 
0 NPIC 
0 ACTPIC 
0 NPICA 
Definition
 
Vehicle roll 	rate (radians/sec)
 
Frame readout time (seconds)
 
Start time for TV (days from periapsis)
 
Stop time for TV (days from periapsis)
 
User input-picture taking interval (min)
 
Bulk storage 	capacity (bits)
 
Storage capacity previously used (bits)
 
Bit rate transmitted (-BPS)
 
Bit rate required by other instruments (BPS)
 
Buffer storage capacity (bits)
 
Bits per picture (bits)
 
Frame read rate (bits/sec)
 
Bulk Data Storage Capacity (picture)
 
Real time picture rate (bps)
 
Minimum picture internal (sec)
 
Maximum picture rate (pics/hr)
 
Maximum picture rate (pic/day)
 
Maximum numer of pictures
 
Actual picture rate (pic/day)
 
Actual numberof pictures
 
Subprograms Required: None
 
Approximate Storage Required (octal): 562
 
Discussion: 	 Other than the reset value of picture taking
 
interval, three qualitative statements are
 
output when appropriate:
 
1) Buffer capacity less than one picture;
 
2) Picture interval based on roll rate;
 
3), Rpll rate equals zero.
 
Table 6-10 presents the PICIN listing; Fig. 6-10 is the PICIN
 
flow diagram.
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Table 6-10 PICIN Listing 
SUBROUTINE PICIN 
C 
C ROUTINE FOR COMPUTING MIN PICTURE TAKING INTERVAL FROM BIT RATE
 
C 
C 
C INPUT BULK = BULK STORAGE CAPACITY, BITS 
C INPUT BULKO = BITS ALREADY IN BULK STORAGE 
C INPUT DTUSE = USER INPUT PICTURE TAKING INTERVAL, MIN P(33)
C INPUT XBPS = TRANSMIT BIT RATE, BPS 
C INPUT SCIBPS = BIT RATE FROM OTHER INSURUMENTS, BPS 
o INPUT BUFCAP = BUFFER STORAGE GAPACITYp BITS
 
C INPUT BPPIC = BITS PER PICTURE, P(49)
 
C INPUT TFRAM = FRAME READOUT TIME, SEC, P(29)
 
C INPUT TSTAR = PICTURE SEQUENCE START TIME, DAYS
 
C INPUT TSTOP = PICTURE SEQUENCE STOP TIME, DAYS
 
C INPUT RPM = S/C SPIN RATE, ROTW(3) IN RAD/SEC
C 
COMMON/HEDING/TITLE(i3) 
COMMON/REV ER/RO TW ( 3)
COMMON/CHARAC/P (60)
EQUIVALENCE (P(29),TFRAM),(P(49),BPPIC) 
Xg(P(34),BULK),(P(35),BULKO)p(P(38)9BUFCAP) 
X,(P(36),XBPS) (P{37),SCIBPS) 
DTUSE=P(33) 60.
 
RPM=ROTW(3) p57. 2957795131/6.
 
TSTAR=P(31)
 
TSTOP=P (32) 
WRITE(6piO?)TITLE
 
WRITE(6iOr) TSTARTSTOPDTUSETFRAMP(5O)
 
OTTOT=(TSTOP-TSTAR)*86400.
 
TSTAR=TSTAR*864o0.
 
TSTOP=TSTOP8640O0.
 
STORD=BULK/aPPIC 
WRITE (69 105) BUL KBPPIC STORD BULKO, BUFCAP 
TVOUT=XBPS-SC IBPS
 
WRITE(6p 18)XBPSSCIBPSpTVOUT

IF(BUFCAP-BPPIC)i,1±,ii 
10 	BUFCAP=BPPIC
 
WRITE(6,±00)BUFCAP
 
ii 	 CONTINUE 
TBUFO=BUFCAP/TVOUT
 
TBUFI=BUFCAP/P(50)
 
C 
C TEST FOR TOPS OR PIONEER (BULK GREATER THAN 0 FOR TOPS)

C 
IF (BULK)ij12 
C 
C SPINNING S/C WITH BUFFER FOR ONE PICTURE (IE, PIONEER)
 
I OTPIC = TBUFO+ TFRAM
 
IF(RPM) 8 8,9
 
8 WRITE(6i03)
 
DTPIC=OTTOT
 
GO TO 6
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Table 6-10 (cont)
 
9 	IF(DTPIC- 60./RPM)3,3,7
 
3 	NROLL=I
 
DTP-IC=60o./RPM
 
WRITE(6,±01)DTPICNROLL
 
GO TO 4
 
7 	NROLL=DTPIC#RPM/6O. ti 
DTPIC=NROLL*60./RPM
 
WRITE (6ji0i)DTPICNROLL
 
GO TO 4
 
C 
C 	THREE AXIS STABLE S/C WITH MORE, THAN ONE PICTURE STORAGE (IE, TOPS)
 
C 
2 	DTPIC=BPPIC/TVOUT 
C 
C TEST IF USER INTERVAL LESS THAN MINIMUM
 
C
 
4 CONTINUE
 
IF(pTUSE-DTPIC) 5,6,6
 
5 DTUSE=DTPIC
 
P(33)=DTUSE/60°
 
WRITE(6,102) OTUSE
 
C
 
C MAXIMUM NO OF PICTURESIHOUR
 
6 	PICPHR=3600./DTPIC
 
PICPDA=24.'PICPHR
 
C
 
C MAXIMUM.NO OF PICTURES THAT CAN BE TAKEN
 
NPIC=DTTOT/DT-PIC
 
ACTPIC=86400./OTUSE
 
NPICA=DTTOT/DTUSE
 
WRITE (69iO6)DTPICPICPHRPICPDANPICACTPIC9,NPICA
 
RETURN
 
100 FORMAT(5X,56HBUFFER CAPACITY LESS THAN ONE PICTURE9 CAPACITY SET T 
*0 ,EiO.3,/) 
101 FORMAT(SX,38HPICTURE INTERVAL BASE) ON ROLL RATE = ,Ei5.8,4H SEC, 
*20H, NO OF ROLLS/PIO = 1149I) 
102 FORMAT(5X,36HREQUESTED DELTA T LESS THAN MINIMUM I 
X ,5X,32HDELTA T (SEC) HAS BEEN RESET TO ,E15.8) 
103 FORMAT(SX2iHROLL RATE EQUALS ZERO) 
104 FORMAT( 5X,48HCOMPUTATIONS FOR MINIMUM PICTURE TAKING INTERVAL 
X,//SX,28HPICTURE START TIME (DAYS) = ,Ei5.8/ 
X, "5X,28HPICTURE STOP TIME (DAYS) = 9E15*8/ 
X, 5X,28HDELTA T REQUESTED (SEC) = ,E15.8/ 
X, 5X,2BHFRAME READ TIME (SEC) = ,EI5.8/ 
X, 5X928HFRAME READ RATE (BPS) = pE15.8//) 
105 FORMAT(5X,36HBULK DATA STORAGE CAPACITY (BITS) = ,E15.8/ 
X 5X,36HPICTURE SIZE (BITS) = qE15s8/ 
X 5X,36HBULK DATA STORAGE CAPACITY (PICS) = ,E1S.8/ 
X 5X,36HBULK CONTENTS IN USE (BITS) = ,Ei5.8/ 
X 5X936HBUFFER STORAGE CAPACITY (BITS) = ,E15.8//) 
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Table 6-10 (concl)
 
106 FORMAT(SX,36H MINIMUM PICTURE INTERVAL 
 (SEC) = ,E15.8/
5X,36HMAXIMUM PICTURE RATE 
 (PICS/HR) = ,E15.8/
5XJ36HMAXIMUM PICTURE RATE 
 (PIC/DAY) = ,Ei5.8/

5X,36HMAXIMUM NUMBER OF PICTURES 
 = p16/

5X,36HACTUAL 
 PICTURE RATE (PIC/DAY) = ,EI5.8/

5Xp36HACTUAL 
 NUMBER OF PICTURES = ,16//)
107 FORMAT(iH.4Xi3A6,/)

108 FORMAT(5X,36HDATA TRANSMISSION RATE 

X 
(BPS) = E15.8/
5X.S6HRATE FROM OTHER INSTRJMENTS (BPS) = ,EZ5.8/
X 5X,36HREAL TIME PICTURE RATE (BPS) = ,EX5.8//) 
END 
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WRITE INPUT OR CANNED VALUES 
ISTAR, TSTOP, DMUSE TFRAM, BULK, 
BULKO, BUFCAP, BPPIC, XBPS, SCIBPS
 
HA
 
SPACECRAF N
 
YES STO NO I
 
CAPABILITY?
 
2
 
BUFFER YES 
CAPACITY < ONE - , 
ICTUR WRITEIBULK-BULK + TVOUT (TSTOP-TSTAR) ("BUFFER CAPACITY
=TSTO1'-TSTAR
P10BS 

I OLESS THAN ONE
 
DTPIC = BPPIC/PICBPSj PICTURE" 
[DTPIC = TBUF + TFRAMI 
DTPPIC = SEV/SNCR+-1
 
PIC (TSTOP-TSTAR)/DTPIC
 
TP(3) = DTUSE/60 
Fig. 6-10 PICIN Flow Diagram -­
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6.3.11 PSATP
 
Purpose: 	 To plot an overview of the mission, showing the
 
trajectory of the spacecraft, the orbits of the
 
planet's satellites,, and vectors toward the sun,
 
Earth, and antiperiapsis point.
 
Calling Sequence: CALL PSATP 
Input/Output: 
I/O 
I 
FORTRAN Name 
IP 
Definition 
Planet index number 
I JDV Julian date of encounter 
0 
0 
0 
VT(3) 
VR(3) 
VW(3) I 
GUSY (3) 
Vector tangent to spacecraft trajectory at 
periapsis 
Vector from planet to spacecraft at periapsis 
Vector toward trajectory pole-
Subprograms required: 
* 
ARCSTP, PLASAT, ABSV, MAP, VPROJ, 
ORBVEL, ORBPOS, UCROSS, VEQUAL, 
VVIEW,.ARROCC, SATS, VPPLT, DISK, 
SINTRP, & ADV 
Approximate Storage Required (octal): 315 
Discussion: The primary output of this subroutine is 
overview plot. 
the 
Table 6-11 presents the PSATP listing; Fig. 6-11 is the PSATP 
flow diagram.
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Table 6-11 PSATP Listing
 
SUBROUTINE PSATP
 
COMMON/FL YBY/DUMMYA (3)GUSY(3),DUMYBU(2}
 
COMMON /PLTBUF/BUF(20)
 
COMMON /PLCONS/GMSGMPL(12),RSRPL(12),SNAME(2),PLNAME(2,12),
 
X SPV(3) ,PLPV(3,12) 9SVE(3) ,PLVE(3,L2) ,SROTPLROT (12) ,SOBL ,PLOBL (12)
 
COMMON /CVPLOT/VT(3),VR(3),VW(3),RPPTANRR2,SCALER(3),PEN
 
COMMON/PCOORD/PV(3) ,VE(3),PMC3)
 
COMMON/CHARLIE/NCODENREC ,IPIVSPNSCIFLSTNCB
 
COMMON/ORBI/AAEPqORBICiITAITEJqVW (3),QV{3)
 
COMMON/JDAYS/JDVTT
 
COMMON/PLAN/GM
 
DIMENSION XM(3)lX(3),XF(3),V(3)XSC(3)
 
COMMON/GEOM/XS, XM
 
REAL JDJOV
 
EQUIVALENCE (JDJDV)
 
DIMENSION NS(9)
 
DATA NSO/9/
 
DATA NS/0,0 ,i,:2 ,4,7,S2, 0/ 
A=AA
 
ECC=E
 
NUMBER OF SATELLITES
 
RPP=RPL (IP)
 
R2=0.
 
S=5.
 
CALL ARCSTP(S)
 
CALL PLASAT(XMJDNS(IP)pIP)
 
SCALE=ABSV (XM) *1.1
 
IF(NS(IP) .EQ.0) SCALE=15.4 RPL(IP)
 
CALL MAP(-SCAL ESCALE -SCALESCALE,.00
1. o i.)
 
BUF (4) =-SCALE
 
RUF (5) =SCAL E
 
BUF (6) =-SCALE
 
BUF (7)=SCALE
 
SUF(8)=.0
 
BUF (9)=I.
 
BUF (10) =0.
 
BUF (ii) =i.
 
CALL VPROJ
 
CALL ORBVEL(VR,.0)

CALL ORBPOS(VT, .0) 
CALL UCROSS(VWVTVR)
 
CALL VEQUAL(GUSYVW)
 
CALL VVIEW(iil,9 i 50)
 
DMDT=SQRT (GM/ABS(A) "3)
 
CAT=(P/SCALE-±o )/ECC
 
AT=ACOS (CAT)
 
T=ANOMLY(-AE ,AT)/DMDT 
N=ABS CT)/3600.
 
JD=JDV
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Table 6-11 -(concl)
 
N=3*24.
 
N=ZN
 
CALL PLPOS(XS,JD,IP)
 
CALL PLPOS(XMJOD3)
 
CALL VSCALE(XSX-S,-1.)
 
CALL VSUM(XNXMXS)
 
CALL ARROCC(3,32,5.,4)
 
CALL ARROCC(O,64,5.,4)
 
CALL SATS(NO IPOJD,3600.)
 
N=N/2
 
NN=-N
 
DO 233 I=NNN
 
T=I*3600*
 
CALL ORBPOS(XST)
 
233 CALL VPPLT(XS,1H*)

CALL DISK(IP,0,O)
 
CALL SINTRP(BUF)
 
310 CALL FRAME
 
30 RETURN
 
END
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ESTABLISH AN ORTHOGRAPHIC PERSPECTIVE 
AND AN ARC LENGTH TO BE PLOTTED AS A
 
STRAIGHT 'LINE AS 50 
SET PLOT SCALE AS 10% LARGER THAN THE 
OUTER SATELLITE ORBIT RADIUS (OR 15
 
PLANET RADII IF THERE ARE NO SATELLITES)
 
FIND POLE OF THE TRAJECTORY PLANE AND
 
ESTABLISH A VIEWPOINT OF THE PLOT FROM 
THAT POINT 
DRAW ARROW TOWARD THE EARTH AND LABEL 
DRAW ARROW TOWARD THE SUN AND LABEL 
WITH A "7" 
DRAW ARROW TOWARD ANTIPERIAPSIS AND 
LABEL WITH "2" 1
 
PLOT 144 POSITIONS (1 HOUR APART) OF
 
EACH SATELLITE AND MARK EACH POSITION 
WITH A "+" (STOP PLOTTING WHEN A COM-
PLETE ORBIT HAS BEEN PLOTTED) 
PLOT 144 POSITIONS (IHOUR APART) O THE
 
PLANET WITH AN CENTERED AROUNDPERIAPS IS. 
PLOT PLANET DISKI
 
I
 
Fig. 6-11 PSATP Flow Diagram
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6.3'12 RESO
 
Purpose: 	 To calculate the resolution of a TV image, given
 
the angular resolution of the lens and screen,
 
and the range of the object. A second purpose
 
is to plot the results versus time from periapsis.
 
Calling Sequence: CALL RESO (DIREC)
 
Input/Output:
 
I/0 FORTRAN Name Definition 
I XSC(3) Vector to spacecraft planet or satellite 
I XCL(3) Vector to picture center from S/C (kin) 
I RPL Radius of plAnet or satellite (km) 
I DIREC Program mode - plot results if DIREC='PLOT 
', 
calculate only if not 
0 TIM Largest time of interest from periapsis (days) 
0 REC(9) Resolution at the center of the body for 
planet and all satellites 
0 REL(9) Resolution at the limb of the body for 
planet and all satellites 
0 RES Resolution at picture center or principal body 
Subprograms Required: PSCONS, ABSV, MAPSSL, CHAROP, 
ABSBEM, SYMBOL, LINE 
Approximate Storage Required (octal): 1020 
Discussion: None 
Table 6-12 presents the RESO listing; Fig. 6-12 is the RESO 
flow diagram.
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Table 6-12 RESO Listing
 
SUBROUTINE RESO(DIREC)
 
COMMON/HANDO/TIMREC(9)CREL(9)bRESSMR(9),SMRR(9),SMRS(),TSMR(9)
 
XSPStRSPSMRSSPTSMRSPSMRR
 
DIMENSION SOUNIT(4)
 
COMON/GEOM/XE(3),XP(3)
 
COMMON/STUFF/XPL(3),VPLV(3),VPLS(3),XSA(3,8),VSAV(3,),VSAS(398)p
 
XXCL (3) VCLV (3), VCLS (3)
 
COMMON/JDAYS/JDVTT
 
COMMON/FLAGS/IFLTIFLPLIFLPR
 
COMMON/CHARLIE/NCODEqNREC ,IPIVSNSCIFLSTNCB
 
COMMON /PLCONS/GMSGMPL(12),RSRPL'(12),SNAME(2),PLNAME(2112),
 
X SPV(3),PLPV(3912),SVE(3),PLVE(3,i),SROTYPLROT(12),SOBLPLOBL(12)
 
COMMON/CHARAC/P(60)
 
COMMON/XZ/XZ(97)
 
COMMON/TRA/TRACE
 
REAL NAME(2)
 
INTEGER CAMK
 
DIMENSION PLACE (3)
 
DIMENSION XTRA(39) ,XTRAI(3-)
 
DIMENSION NS(9)
 
DIMENSION RPPS(9)
 
DIMENSION THING(3)
 
DATA THING(3)/2H3./
 
DATA NS/0,09i,2,4,7,5,2,0/
 
DIMENSION SYM(8)
 
DATA SYM/3HO$.,3HXS,'93H+$,3HIS.,3IHSo,3HT$.,3HZ$,93Hp$.,
 
DATA PLACE/:OH( CENTER ),.OH(VER EDGE),±OH(HOR EDGE) /
 
DATA NAME(2)/IOH (KM/PX)$. /
 
DATA SOUNIT/O .ti.O'O.:O/
 
DATA PIRPD/3.i4i5926535898.7453925993209E-02/
 
DATA IFR/O/

PETE(RADIUS}=SQRT(RADIUS*RADIUS-RPP*Rpp)
 
IF(IFR.EQi) GO TO 60
 
ITRi=iO
 
NSP=NS(IP) -

NXTR=NSP+i
 
RPPS(±)=RPL (IP)
 
D0 	 50 I=iNSP
 
CALL PSCONS(RPPS(I+t),6HRADIUSIIP)
 
50 CONTINUE
 
60 CONTINUE
 
IF(DIREC.EQ.4HPLOT) GO TO 200
 
DO 90 =1,3
 
90 	XTRA(I,±)=XPL(I) 
DO 96 ITB=iNSP 
DO 94 I=,L3 
94 XTRA(IITB+i)=XSA(IITB) 
96 CONTINUE 
00 120 ITB=iNXTR 
CALL VEQUAL(XTRAiXTRA(iqITB))
 
RCEN=ABSVCXTRAI)
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Table 6-12 (cont)
 
IF(RCEN.LE.0.0) GO TO 120
 
RPP=RPPS (ITS)
 
RLIM=PETE(RCEN)
 
RCEN=RCEN-RPP
 
IF(IFR.EQ.O) RMAX=RLIM 
IF(IFR.EQ.D) RMIN=RCEN
 
IFR i
 
RMAXI=AMAXI (RCENRL IM)
 
RMINI=AMINI (RCENRLIM)
 
IF(RMAXI.GT.RMAX) RMAX=RMAXI
 
IF(RMINI.LT.RMIN) RMIN=RMINI
 
I=1
 
REC(ITB)=RCEN*P (45+1)

REL (ITB) =RL IM*P (45+1)
 
100 	CONTINUE
 
120 	CONTINUE 
RSPE=ABSV (XCL) 
RES=RSPE4P(46) 
RETURN 
200 	CONTINUE
 
REWIND 7
 
REWIND ITRi
 
TIM=AMAXI(ABS (P(31)),ABS(P(32)))
 
I=1
 
RESMAX=RMAX.P (45+I)
 
RESMIN=RMIN*P (45+I)
 
DO 300 ITB=i,NXTR
 
IF(ITB.GTo2). GO TO 204
 
CALL FRAME
 
CALL MAPSSL(-TIMTIMrRESMINRESMAX SDUNIT(),SOUNIT(2),SDUNIT(3),
 
SSDUNIT (4))
 
CALL CHAROPT(O01,i io)
 
CALL ABSBEAM(O.05,0.2)
 
CALL SYMBOL f12HRESOLUTIONS.)
 
CALL SYMBOL(3H $.
 
NAME(i)=PLACE (I) 
CALL SYMBOL (NAME)

CALL SYMBOL(3H S.) 
IF(ITB.EQ.2) GO TO 202
 
DO 201 J=192
 
201 THING(J)=PLNAME(JIP)
 
GO TO 203
 
202 	 THING(i) =±OHS AT ELLITE 
THING(2)=2HS.
 
203 	CONTINUE
 
CALL SYMBOL (THING) 
CALL ABSBEAM(O.2,0.01)
 
CALL CHAROPT(0,0,iva,0) 
CALL SYMBOL(29HTIME FROM ENCOUNTER.(DAYS) $a)

204 CONTINUE
 
IFR=O 
REWIND ITRI
 
6-89 
MCR-71-181
 
Table 6-12 (cont)
 
205 	READ(ITRI)TTRECRELRESSMRSMRR
 
IF (EOF, ITRI)240 ,21o
 
210 	CONTINUE
 
IF(IFR.EQ.O) GO TO 220
 
IF(REC(ITB).LE.O.O.OR.REL(ITB).LE.0.0) GO TO 240
 
CALL LINE(TTPRECP,TTREC (ITB))
 
CALL LINE(TTPRELPTTREL(ITB))
 
220 	CONTINUE
 
IF(ITB.EQ.1) GO TO 225
 
IF(IFR.EQ.i) GO TO 225
 
CALL CHAROPT(O0,0t9,0)
 
CALL POINT(TTPREC(ITB))
 
CALL SYMBOL(SYM(ITB-iY)
 
225 CONTINUE
 
IFR=1 
TTP=TT
 
RECP=REC (ITB)
 
RELP=REL (ITB)
 
GO TO 205
 
240 	CONTINUE 
REWIND ITRI 
IF(ITB.EQ.i) GO TO 300 
CALL POINT(TTPRECP) 
CALL SYMBOL(SYM(ITB-i)) 
XHT=0.98-(ITB-2)*0.03 
CALL ABSBEAM(O.75,XHT) 
CALL SYMBOL{SYM(ITB-i))' 
CALL SYMBOL (3H S.) 
CALL PSCONS(THINGv4HNAMEITB-IP) 
CALL SYMBOL(THING) 
300 	CONTINUE
 
CALL FRAME
 
IFR=O
 
CALL MAPSSL(-TIM TIHqRESMINqRESMAXqSOUNIT{() SOUNIT(2) tSDUNIT(3)
 
$SDUNIT (4))

CALL CHAROPT(O,0ivi,0) 
CALL ABSBEAM(O.05,0.2)
 
CALL SYMBOL (12HRESOLUTIONS.)
 
CALL SYMBOL(3H So)
 
NAME(.)=PLACE'tI)
 
CALL SYMBOL (NAME)

CALL SYMBOL(i9H FOR PRIMARY BODY$.) 
CALL ABSBEAM(O.2,0.0i)
 
CALL CHAROPT( Oio,0)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) So)

305 REAO(ITRL)TTRECRELRESSMRSMRR
 
IF(EOFITRi) 3409310
 
310 CONTINUE.
 
IF(IFR.EQ.O) GO TO 320
 
CALL LINE(ITPRESPTTRES)
 
320 	CONTINUE
 
IFR=i
 
TTP=TT
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RESP:RES
 
GO TO 305
 
340 	CONTINUE
 
CALL FRAME
 
REWIND ITRi
 
IFR=O
 
RETURN
 
END
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ACINITIALIZE i 
PORM YES 
LOAD XTRA(3,9) AS POSITION 
VECTORS OF PLANET AND 
8 POSSIBLE SATELLITES 
CALCULATE RESOLUTION (kin) AT 
CENTER, LIMB, AND PIC CRT 
FOR 9 POSSIBLE BODIES 
DETERMINE MINIMUM AND MAXIMUM' 
RESOLUTION LIMITS FOR PLOT 
SET UP SEMILOG PLOT AND LABEL 
WITH "RESOLUTION" PLANET OR 
SATELLITE NAME FOi EACH PLOT 
REPEATROM FILE 
FORTTRCRLRSSRSR 
NEXT 
PLOT REC AND REL AS A FUNCTION 
- OF DAYS FROM ENCOUNTER 
LABELIPLOT AlN.F.DUP SEMILOGSET
.RESOLUTION PRIMARY BODY"] 
READ FROM FILE 10 
TT REC, REL, RES, SMR SMRR 
PLOT RES AS A FUNCTION OR 
DAYS FROM ENCOUNTER
 
_Fig. 6-12 RESO Flow Diagram
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6.3.13 SMEAR
 
Purpose: To calculate smear of 
an image, given the velocity
 
vector of the scene with respect to the imager,

and to plot the result as a function of time
 
from periapsis.
 
Calling Sequence: 
 CALL SMEAR (DIREC)
 
Input/Output:
 
I/O FORTRAN Name 
 Definition
 
I DIREC Program mode 

- plot if DIREC = "PLOT", calculate only if
 
not
I TT Time from periapsis (sec)

0 TX Time from periapsis (days)

I TIM 
 Maximum time range for plotting
I REC(9) 
 Resolution of sub-spacecraft point at picture center for
 
planet 'and eight possible satellites (km/pixel)
I REL(9) Resolution of limb for planet and eight possible satel­
lites (km/pixel)
I RES Resolution at 
center of primary body (km/pixel)
O SMR(9) Velocity of picture center due to orbital motion for 
planet and eight possible satellites (km/sec)
O SMRS(9) 
 Velocity of picture center due to spacecraft rotation
 
for planet and eight possible satellites (km/sec)
0 SMRR(9) 
 Smear of image for planet and eight possible satellites
 
(pixel)
O TSMR(9) Exposure time to limit smear to less than pixel (sec)
O SPSMR Velocity of picture center for primary body due to 
orbital motion (km/sec)
O SPSMRS Velocity of picture center for primary body due to
 
spacecraft rotation (km/see)
O SPSMRR 
 Smear of image on primary body (pixels)
O SPTSMR Exposure time to reduce smear to 
 pixel on primary
 
body (sec)
 
Subprograms Required: 
 VSUM, MAPSSL, ABSBEM, CHAROP, SYMBOL,
 
ADV, LINE
 
Approximate Storage Required (octal): 
1760
 
Discussion: 
 None
 
Table 6-13 presents the SMEAR listing; Fig. 6-13 is the SMEAR
 
flow diagram.
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Table 6-13 SMEAR Listing
 
SUBROUTINE SNEAR(OIREC)
 
DATA INP/O/
 
DIMENSION NS(9)
 
DATA NS/OO,142,47?,2,O/
 
COMMON/CHARL I E/NCODE ,NREC ,IPIVS, SDIFLSTNCB 
DIMENSION DUMV(3),RUN(3),VIM(3)
 
COMMON/HANOO/TIMREC(9),REL(9)gRESgSMR(9),SMRR(9),SMRS(9)ITSMR(S) 
XSPSMRSPSMRS ,SPTSMRSPSMRR
 
COMMON/CHARAC/P (60)

DIMENSION SOUNIT(4) 
DATA SDUNIT/0 .1.1.0,C.i1.0/
 
COMMON/JDAYS/JD VTT
 
COMMON/FLAGS/IFLTIFLPL , IFLPR 
COMMON/STUFF/XPL(3)hVPLV(3),VPLS(3),XSA(38),VSAV(38),VSAS(38),
 
XXCL(3) ,VCLV(3),VCLS(3)
 
DIMENSION THING (3) 
DATA THING(3)/2H$.
 
DIMENSION SYM(8)
 
DATA SYM/3HOS.,3HXS.,3H+$.,3HI$.931H3.,3HT$.93HZ$.,3HP$./
 
IF(DIREC.EQ.4HPLOT) GO TO 200
 
ITR2=iO
 
IF(INP.NEo.) GO TO 90
 
NST-NS (IP)
 
90 CONTINUE
 
SMR(i)=SQRT(VPLV(i)*VPLV(i)+VPLV(2)*VPLV(2)) 
SMRS(f)=SQRT(VPLS(1)UVPLS(i)+VPLS(2.)VPLS2))
 
CALL VSUM(VIMVPLSVPLV)

SMRT=SQRT(VIM(±)*VIM(±)+VIM(2)*VIM(2))
 
TSMR(i)=REC (i)/ (SMRT'2.0)
 
SMRR(i)=(SMRT/REC(i)) 4P(26)
 
DO iOOIl=,NST
 
IF(REC(I+i).LEGO.0) GO TO i00 
SMR(I+i)=SQRT(VSAV (iI)*VSAV(,I)+VSAV(29I)4 VSAV(2,I))
 
SMRS(I+i)=SQRT(VSAS(I±I)VSAS(LI} VSAS(29I)*VSAS(2,I))
 
CALL VSUM(VIMVSAS(i,I) ,VSAV(1I))
 
SMRT=SQRT(VIM(1)*VIM(i)+VIM (2)VIM( 2 ) )
 
TSMR(I+I)=REC (I+i)/(SMRT4 2.0)
 
SMRR(I+i)=(SMRT/REC(I+I)) 4P(26)
 
100 	CONTINUE
 
TX=TT/86400.
 
SPSMR =SQRT(VCLV(i)*VCLV(i)tVC.V (2)*VCLV(2))
 
SPSMRS =SQRT(VCLS(i)*VCLS(L)+VCLS(2)#VCLS(2))
 
CALL VSUM(VIMlVCLSVCLV)
 
SMRT=SQRT(VIM(1)*VIM(i)tVIM(2)*VIM(2))
 
SPTSMR =RES/(SMRT*20)
 
SPSMRR =(SMRT/RES)*P(26)
 
WRITE(ITR2) TXRECRELRESSMRSMRRSMRS
 
X	,SPSMRSPSMRSSPSMRR
 
IF(INP.GT.O) GO TO 20
 
INP=INP*±
 
SMRN=SPSMR
 
SMRX=SPS!R
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Table 6-13 (cont)
 
SMRSN:SPSMRS
 
SMRSX=SPSMRS
 
SMRRN:SPSKMR
 
SMRRX=SPSMRR
 
NSX:NST I
 
120 	CONTINUE
 
00 ±30 IiNSX
 
IF(SMR(I).LE..0O) GO TO 130
 
SMRN=AMINI(SMRNSPSMRSMR(I))
 
SMRX=AMAXi(SMRX ,SPSMRSMR(I))
 
SMRSN=AMINi(SMRSNSPSMRSSMRS(I))
 
SMRSX=AMAXI (SMRSXSPSMRSSMRS(I)) 
SMRRN=AMINi(SMRRNPSRRPSMRR(I))
 
SMRRX=AMAXI (SMRRXSPSMRRpSMRR(I)) 
130 CONTINUE 
RETURN 
200 CONTINUE 
REWIND ITR2 
CALL MAPSSL(-TIMTIMSMRNSMRXSDUJIT(),SOUNIT(2),SDUNIT(3),SDUNI
ST(4)) 
CALL ABSBEAM(O.O5,0.2)
 
CALL CHAROPT(0,0,1,p0)
 
CALL SYMBOL (27HSMEAR DUE TO VEL (KH/SEC)S.)
 
CALL SYMBOL(24H AT SPECIFIED LOCATIONS.)
 
CALL ABSBEAM(0.2,0.01)
 
CALL CHAROPT(0,C1i,0,0)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) S.)
 
IFR=O
 
REWIND ITR2
 
21g CONTINUE
 
READ(ITR2) TTRECRELRES,SMRSMRRSMRS
 
XSPSMRSPSMRSSPSMRR
 
IF(EOFITR2) 230,220
 
220 	CONTINUE
 
IF(IFR.EQ.O) GO TO 225
 
CALL LINE(TTPpSMRPTTSPSMR)
 
225 	CONTINUE
 
IFR=±
 
TTP=TT
 
SMRP=SPSMR 
GO TO 210
 
230 	CONTINUE
 
REWIND ITR2
 
CALL FRAME
 
IFR=O
 
CALL MAPSSL(-TIMTIMSMRSNSMRSXSOUNIT(±),SDUNIT(2),SDUNIT(3)9

*SDUNIT(4))
 
CALL CHAROPT({,p0,iq0)
 
CALL ABSBEAM(0.05,0.2)
 
CALL SYMBOL(27HSMEAR DUE TO S/C (KM/SEC)S.)
 
CALL SYMBOL(24H AT SPECIFIED LOCATIONS.)
 
CALL CHAROPT(0,O,i9i,0)
 
CALL ABSBEAM(0.2,D.01)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) S.)
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Table 6-13 (cont)
 
270 	CONTINUE
 
REAO(ITR2) TTRECRELpRESSMRSMRRSMRS
 
XSPSMRSPSMRSPSPSMRR
 
IF(EOFITR2)290,280
 
280 	CONTINUE
 
IF(IFR.EQ.0)GO TO 285
 
CALL LINE(TTPSMRSPTTSPSMRS)
 
285 	CONTINUE
 
IFR=i
 
TTP=TT
 
SMRSP=SPSMRS
 
GO T0270
 
290 	CONTINUE
 
IFR=O
 
CALL FRAME
 
REWIND ITR2
 
CALL MAPSSL(-TIMTIMSMRRNSMRRXS3UNIT(i),SDUNIT(2)vSPUNIT(3),
 
XSDUNIT(4))
 
CALL ABSBEAM(O.O5,0.2)
 
CALL CHAROPT(0,09igiO)
 
CALL SYMBOL(26HNUMBER OF PIXELS SMEAREO$.)
 
CALL SYMBOL(24H AT SPECIFIED LOCATIONS.)
 
CALL ABSBEAM(0.290.0i)
 
CALL CHAROPT(OOi,0,O)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) $0)
 
240 CONTINUE
 
READ(ITR2) TTRECRELRESSMRSMRRSMRS
 
XSPSMRSPSMRSSPSMRR
 
IF(EOFITR2) 260,250
 
250 	CONTINUE
 
IF(IFR.EQ.0) GO TO 255
 
CALL LINE(TTPSMRRPTTSPSMRR)
 
255 	CONTINUE
 
IFR=i
 
TTP=TT
 
SMRRP=SPSMRR
 
GO TO 240
 
260 	CONTINUE
 
CALL- FRAME
 
CALL MAPSSL('TIMTIMSMRNSMRXSDUNIT(),SDUNIT(2),SDUNIT(3)gSDUNI
 
ST(4))
 
CALL ABSBEA'M(O.05,0.2)
 
CALL CHAROPT(OO0i,i,a)
 
CALL SYMBOL(27HSMEAR DUE TO VEL (KM/SEC)S.)
 
CALL SYMBOL (3H $)
 
'CALL SYMBOL(IiHSATELLITES,)
 
CALL CHAROPT(0,Ovi,0O9g)
 
CALL ABSBEAM(0.2pO.01)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) S.)
 
CALL CHAROPT(OO000o)
 
00 330 I=,vNST
 
REWIND ITR2
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Table 6-13 (cont)
 
IFR=O
 
310 	CONTINUE
 
REAO(ITR2) TTRECRELRESSMRSMRRSMRS
 
XSPSMRSPSMRSSPSMRR
 
IF(EOFITR2) 329,320
 
320 CONTINUE
 
IF(IFR.EQ.U) GO TO 325
 
IF(SMRP.LE.0.0) GO TO 330
 
CALL LINE(TTPSMRPTTSMR(I+i))
 
325 	CONTINUE
 
IF(IFR.NE.O) GO TO 328 
IF(SMR(I+iYLE.o0) GO TO 330
 
CALL POINT(TTSMR(I 1))
 
CALL SYMBOL (SYM(Q)) 
IFR=I
 
328 	CONTINUE
 
TTP=TT
 
SMRP=SMR(I+i)
 
GO TO 310
 
329 	CONTINUE
 
CALL POINT(TTPSMRP)
 
CALL SYMBOL (SYM(I))
 
XHT=0*98-(I-i)O.03
 
CALL ABSBEAM(0.75,XHT)
 
CALL SYMBOL(SYh(I))
 
CALL SYMBOL (3H S.)
 
CALL PSCONS(THING,4HNAMEIIP)
 
CALL 5YMBOL (THING)
 
330 	CONTINUE
 
CALL FRAME
 
CALL MAPSSL(-TIMTIMSMRSNSMRSXS)UNIT(i)SDUNIT(2),SDUNIT(3),
 
4SOUNIT(4))
 
CALL CHAROPT(0,07iiO)
 
CALL ABSBEAM(0.05,O.2)
 
CALL SYMBOL.(27HSMEA DUE TO S/C (KM/SEC)$.)
 
CALL SYMBOL(3H So)
 
CALL SYMBOL (1±HSATELLITE$.)
 
CALL CHAROPT(O 091,00 0)
 
CALL ABSBEAM(O.2,0.0i)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) $,)
 
CALL CHAROPT(O0,0O0o)
 
00 390 =1vNST
 
REWIND ITR2
 
IFR=O
 
370 	CONTINUE
 
READ(ITR2) TTRECRELgRESSMRSMRRSMRS
 
XSPSMRSPSMRSSPSMRR
 
IF(EOFITR2) 388,380
 
380 	CONTINUE
 
IF(IFR.EQ.0)GO TO 385
 
IF(SMRSP.LE.0.0) GO TO 390
 
CALL LINE(TTPSMRSPTTgSMRS(I.))
 
385 CONTINUE
 
IF(IFR.NE.O) GO TO 386
 
IF(SMRS(I+i)°LE.0oO) GO TO 390
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Table 6-13 (cont)
 
CALL POINT(TTSMRS(I64))
 
CALL SYMBOL (SYh (I)) 
IFR=1
 
386 	CONTINUE
 
TTP=TT
 
SMRSP=SMRS (I-1)
 
GO TO 370
 
388 	CONTINUE
 
CALL POINT(TTPSMRSP)
 
CALL SYMBOL (SYM (I))
 
XHT=0.98- (I-)G
0.03
 
CALL ABSBEAM(O.75,XHT)
 
CALL SYMBOL (SYM (I))
 
CALL SYMBOL (3H S.)
 
CALL PSCONS(THING,4HNAMEIIP)
 
CALL SYMBOL (THING) 
390 	CONTINUE
 
CALL FRAME
 
CALL MAPSSL(-TIMTIMSMRRNSMRRXSOUNIT(i),SDUNIT(2)ISDUNIT(3),
 
XSDUNIT(4))
 
CALL ABSBEAM(O.05,O.2)
 
CALL CHAROPT(0,0,iviD)
 
CALL SYMBOL (26HNUMBER OF PIXELS SMEARED$.)
 
CALL SYMBOL (3H $.)
 
CALL SYMBOL (±1HSATELLITES.)
 
CALL ABSBEAM( O. 290. 01)
 
CALL CHAROPT(0 0,ip0,0)
 
CALL SYMBOL(29HTIME FROM ENCOUNTER (DAYS) $.)
 
CALL CHAROPT(,0,OO,0,0)
 
DO 360 I=,9NST
 
IFR=O
 
REWIND ITR2
 
340 CONTINUE 
READ(ITR2) TTRECRELRESSMRSMRRSMRS 
XSPSMRSPSMRSSPSMRR -
IF(EOFITR2) 358,350 
350 CONTINUE 
IF(SMRR(Itl).LE.0) GO TO 360
 
IF(IFR.EQ.O) GO TO 355
 
IF(SMRRP.LE.0.0) GO TO 360
 
CALL LINE(TTPSMRRPTTSMRR(I+i))
 
355 CONTINUE
 
IF(IFR.NE.Q) GO TO 356
 
IF(SMRR(I+t).LE.0) GO TO 360
 
CALL -POINT(TTSMRR(I+i))
 
CALL SYMBOL (SYM (I))
 
IFR=i
 
356 	CONTINUE
 
TTP=TT
 
SMRRP=SMRR(I i)
 
GO TO 340
 
358_CONTINUE 
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CALL POINT(TTPtSMRRP)
 
CALL SYMBOL (SYM (I))

XHT:O 98-(I-i)#0.03
 
CALL ABSBEAM(O.75,XHT)
 
CALL SYMBOL (SYM(I))
 
CALL SYMBOL (3H $.)

CALL PSCONS(THING,4HNAMEI,IP)
 
CALL SYMBOL (THING)

360 	 CONTINUE 
REWIND ITR2 
CALL FRAME 
IFR=0 
INP=O 
RETURN 
END 
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• NO
 
1CONSIDER PLANET
 
FIND SUM OF VELOCITY COMPONENTS NORMAL TO
 
LINE-OF-SIGHT FOR BOTH THE PICTURE CENTER
 
VELOCITY DUE TO ORBITAL MOTION AND FOR THE
 
VELOCITY DUE TO SPACECRAFT ROTATION
 
FIND SUM OF THE VELOCITY VECTORS-DUE TO
 
BOTH CAUSES AND DETERMINE THE SUM OF THE
 
COMPONENTS NORMAL TO THE LINE-OF-SIGHT
 
FROM TOTAL NORMAL TO LINE-OF-SIGHT VELOCITY,
 
FIND EXPOSURE TIME TO REDUCE SMEAR TO LESS
 
THAN ONE PIXEL AND RESULTANT SMEAR IN PIXELS
 
REEAT FOR ALL SATELLI Sl
 
REPEAT FOR PRINCIPAL BODY CASE1 
WRITE ON TAPE 10 TX, REC, REL, RES, SMR,
 
SMRR, SMRS, SPS, SPSMRS, & SPSMRR
 
MINIMUM DETERMINE MAXIMUM AND 
VALUES OF SMEAR ELOCITIES
 
RETURNj
 
Fig. 6-13 SMEAR Flow Diagram
 
6-100
 
MCR-71-181 
READ FROM TAPE 10 
TX, REC, REL, RES, SMR, SMRR, SMRS, SP, 
SPSMRS, & SPSMRR ___ 
PLOT A SEMILOG GRAPH OF SMEAR DUE TO VELOCITY j 
OF ORBIT (KM/SEC) FOR PRINCIPAL BODY VERSUS TIMEj 
SPSR VS T 
PLOT 
ROTATION 
A SEMILOG GRAPH OF SMEAR DUE TO S/c 
(KM/SEC) FOR PRINCIPAL BODY VERSUS TIME 
SPSMRS VS T 
PLOT A SEMILOG GRAPH OF NUMBER OF PIXELS 
SMEARED FOR PRINCIPAL BODY VERSUS TIME 
SPSNRR VS T 
PLOT A SEMILOG GRAPH OF SMEAR DUE TO VELOCITY] 
OF ORBIT (KM/SEC) FOR PLANET AND 8 POSSIBLE 
SATELLITES 
SMR(9) VS T 
PLOT A SEMILOG'GRAPH OF SMEAR DUE TO S/C 
ROTATION (KM/SEC) FOR PLANET AND 8 POSSIBLE 
SATELLITES 
SMRS(9) VS T 
PLOT A SEMILOG GRAPH OF NUMBER OF PIXELS 
SMEARED FOR PLANET AND 8 SATELLITES 
] 
I 
SMRR(9) -VS T 
RETURN 
Fig. 6-13 (concl) 
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6.3.14 TCON
 
Purpose: 	 To generate time of measurements and to deter­
mine when resulting information should be
 
plotted or printed.
 
Calling Sequence: CALL TCON (NP) 
Input/output: 
I/O 
I 
I 
I 
I 
I 
I 
0 
0 
FORTRAN Name 
P (31) 
P (32) 
P (39) 
P (40) 
Xz (81) 
XZ (82) 
TCONS (200) 
NP 
Definition 
Start time from periapsis (days) 
Stop time from periapsis (days) 
Measurements per calculation step 
Minutes/measurement 
Plot interval 
Print interval 
Time for measurement (days from periapsis) 
Total number of measurement times 
Subprograms Required: None 
Approximate Storage Required (octal)-: 316 
Discussion: When measurement time and cone and clock 
angles are read in as inputs, both TCONS 
and NP are inputs and the subroutine per­
forms no function. 
Table 6-14 presents the TCON listing; Fig. 6-14 is the TCON 
flow diagram.
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Table 6-14 TCON Listing
 
SUBROUTINE TCON(NP)
 
COMMON/HEDINGTITLE(±3)
 
COMMON/CHARAC/P(60)
 
COMMON/FLAGS/IFLTIFLPLIFLPR
 
COMMON/TCONS/TCONS(200)
 
COMMON/XZ/XZ(97)
 
COMMON/TEST/ITEST(97)
 
C
 
C P(31)=START TIME FROM PERIAPSIS IN DAYS
 
C P(32)= STOP TIME FROM PERIAPSIS IN DAYS
 
C P(39)=PICTURES PER CALw 
STEP
 
C P(40)=MINUTES/PICTURE
 
TCALC:P(39)*P(40)
 
DELT=TCALC/i440.
 
START=ABS(P(31))
 
STOP=P(32)
 
o NP=NUMBER OF CALC STEPS
 
C
 
CIFLPL=CALC 	STEPS PER PLOT 
IFLPL=ABS(P(31)/DELT + I
 
IF(ITEST(8i).EQ.) IFLPL=XZ(81)
 
DTPPL=IFLPL*DELT 4±440.
 
C
 
CIFLPR=CALC STEPS PER PRNT
 
IFLPR=I
 
IF(ITEST(2).EQ.1) IFLPR=XZ(82)
 
DTPPR=IFLPR*DEL T4 ±440,
 
C
 
WRITE(6,l00i1 TITLE
 
1001 FORMAT(IHIi3A6,)
 
WRITE(5,1020 IFLPLDTPPLIFLPROTPPR
 
WRITE(6,1000) TCAL-C 
C 
IF(IFLTEQ.1) GO TO 120
 
IF(ITEST(69NE,1) GO TO 5
 
NP=i+IFIX((START+STOP)/DELT)
 
IF(NPGT.2QO) NP=200
 
GO TO 100
 
5 	CONTINUE
 
NP=39
 
00 10 I=INP
 
SI=FLOAT(I-21)./20.
 
S2=FLOAT(I-21)
 
10 TCONS(I)=START*ABS(S1)SISI*SIGN(±IOS
 
2 )
GO TO 	120
 
100 	CONTINUE
 
DO 110 I=iNP
 
TCONS(I)=FLOAT(I-i)*DELT+P(3i)
 
110 CONTINUE
 
±20 CONTINUE
 
WRITE(6i30)
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Table 6-14 (concl) 
00 30 I=19NP 
NPIC=CI-I)*P(39)+i
 
TH=TCONS(I)*24.
 
TM=TH*60.
 
130 WRITE(6iOIO)NPICITCONS(I),THTM 
RETURN 
1000 FORMAT(/5X933HTIME INTERVAL FOR CALCULATIONS = ,FT.2,BH MINUTES,/) 
iO FORMAT(5X914,2XI4,3E16.7) 
1020 FORMAT( 5X,16HPLOT INTERVAL = 9I2114H CALO STEPS = ,F?.2,7HMINU 
STES,/,SX,±6HPRNT INTERVAL = ,I2,i3iCALC STEPS = ,F7.29 
$8H MINUTES,/) 
1030 FORMATC3X,56HPICTURE-CALC TIME (JAYS) TI.ME (HRS) TIME (M
 
SIN))
 
END
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CALCUTLATE TIME IN MINUTES BETWEEN PLOTS, ]
 
DTPPL AND BETWEEN PRINTOUTS, DTPPR |
 
A.WRITE PRINT & PLOT INTERVALS
 
ATIME BETWEEN PRINTS AND PLOTS 
WRITE MINUTES 
S NO
 
5CALCULAETIN STE
 
Fig.6-4O Diagram START 
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6.3.15 TVCHAR
 
Purpose: 	 To provide a meaning to the block of input
 
variables assigned to the instrument. Whenever
 
specific information is not supplied by data
 
inputs, canned values describing six alternate
 
cameras are provided. A second block of TV
 
variables 	are computed by the subroutine and
 
the total 	set of variables is printed out.
 
Calling Sequence: CALL TVCHAR (INST) 
Input/Outpur: 
I/0 FORTRAN Name Definition 
I 
0 
XZ (97) 
P (60) 
Input variable array 
XZ (31) thru XZ (90) instrument character­
istics 
Outptht TV characteristics array, which is 
subdivided: as follows: 
P (1) 
F (6) 
P(15) 
P(26) 
P (8) 
P(17) 
P(29) 
,P(40) 
P(53), 
- P (5) 
-P (7) 
- P(16) 
- P(28) 
- P(14) 
P(25) 
P(39) 
- P(52) 
- P(60) 
TV' name 
Camera type peculiar 
Canned TV characteristics 
not related to specific 
camera type 
Values computed from other 
inputs 
Spare 
Subprograms Rdquired: FOLDER, PICIN 
Approximate Storage Required (octal): 1104 
Discussion: See subroutine listing (Table 6-15) for 
meaning of the members of the TV character­
istics array.
 
Figure 6-15 is the TVCHAR flow diagram.
 
6-106
 
MCR-71-181
 
Table 6-15 TVCHAR Listing
 
SUBROUTINE TVCHAR(INST
 
.DIMENSION TVAR(55)

COMMON/HEDING/TITLE (13)
 
COMMON/TNME/TVNAME(5)
 
COMMON/XZ/XZ(97)
 
COMMON/CHARAC/P(60)
 
COMMON/TEST/ITEST(97)
 
DATA PI/3,14±59/

DATA TVAR/ 6HFOC LN,6HDIAM ,6HOBSCUR,6HTRANS ,6HSIZE-V,6HSIZE-H,
 
X 6HLINES ,6 HPIXELS,6HBIT/PX,6HMINXP,6HMAXEXP6HRESO-16HRESO-29
 
X 6HRESO-36HRESO-4,6HSENSOR,6HB FILT,5HG FILT,6HR FILT,6HP FILT
 
X 6HOT EXP9,6H OPEN ,6H OPEN 6HT READ,6HERASET,6HTSTART,6HTSTOP
 
X 6HOEL T ,6HBULK ,6HBULK-O,6HBITAT,6HSCIBPS,6HBUFFER,6HPIC/ST,
 
X 6HDEL TF,6HF/STOP,6HA BLOC,6HOIF LM,6HFOV-V ,6HFOV-H ,6HRES-C ,

X 6HRES-V ,6HRES-H ,6HBIT/PC,6HRR-BPS,6HT/NUM ,6HT/NUMF,6H OPEN 
,X 6H OPEN ,6H OPEN ,6H OPEN ,6H OPEN ,6H OPEN ,6H OPEN ,6H OPEN /

C
 
C INSTR FROM INPUT 22=INST=IJK, I SPECIFIES INSTRUMENT TYPE, I=1 
FOR TV
C 
 J SPECIFIES WHICH TV IN SUBROUTINE 
C INSTR = INST-iO0 = JK K IS UNUSED 
C IF J=O, J IS SET TO ± 
C USER MAY CHANGE TV-J VALUES WITH INPUTS NO 31 THRU 69 
C 
C i THRU 5, INSTRUMENT NAME (INPUTS 31 THRU 35)-

C 
C 6 FOCAL LENGTH, CM (36)
 
C 7 CLEAR APERTURE DIAMETER, CM (37)

C 8,0BSCURATION DIAMETER, CM (38)
 
C 9 OPTICS TRANSMISSIONREFL + ABSORP, FRACTION (39)

C SENSOR DIMENSIONS, CH
 
C 10 VERTICAL, ACROSS SCAN LINES 
 (40)
C ii HORIZONTAL, ALONG SCAN LINE (41)
C 12 NUMBER OF SCAN LINES (42) 
C 13 NUMBER OF PIXELS PER SCAN LINE (43) 
C 14 NUMBER OF BITS PER PIXEL (44)

C 15 MINIMUM DETECTABLE EXPOSURE, ERGS/S CM
 
C 16 MAXIMUM OR.HIGHLIGHT EXPOSURE, ERGS/SQ CM (46)
 
C 17 THRU 20, MINIMUM RESOLUTION LEVELS
 
C 21 SENSOR RESPONSE CURVE IDENTIFICATION (51)

C 22 BLUE FILTER TRANSMISSION CURVE ID (52)

C 23 GREEN FILTER (53)
 
C 24 RED FILTER 
 (54)

C 25 POLARIZING FILTER 
 (55)
C 26 EXPOSURE TIME (56)
C 27 THRU 28 OPEN (57 THRU 58)
C 29 FRAME READ TINE, SECONOS '(59) 
C 30 FRAME ERASE TIME, SECONDS (60)
 
C 31 PICTURE TAKING START TIME (DAYS) (51)

o 32 PICTURE TAKING STOP TIME (DAYS) (62)

C 33 DELTA T PER PICTURE (MIN) (63) CAN BE CHANGED BY PROGRAM
 
C 34 BULK STORAGE CAPACITY (BITS) (64)
 
C 35 BULK ZERO STATE (BITS) (65)
 
o 36 TRANSMISSION BIT RATEBPS (66)
 
C 37 OTHER INSTRUMENT SIT RATES (67)
 
C 38 BUFFER CAPACITY (BITS) (68)

C 39 PICTURES PER CALCULATION STEP (69)
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Table 6-15 (cont) 
C P(40) THRU P(51) ARE COMPUTED
 
C 40 DELTA.T PER PICTURE (HIN) (-70) FIXED 
C 41 F/NUMBER OR F/STOP 
C 42 AREA BLOCKAGE, FRACTION 
C 43 DIFFRACTION LIMIT, RADIANS-
C 44 FIELD OF VIEW, VERTICAL, DEGREES 
C 45 FIELD OF VIEW, HORIZONTAL, DEGREES 
C ANGULAR RESOLUTION, RADIANS/PIXEL 
-C 46 AT CENTER 
C 47 AT VERTICAL EOGECENTER 
C 48 AT HORIZONTAL EDGECENTER 
C 49 BITS PER PICTURE 
C 50 READ RATE, BPS 
C 51 T/NUMBER (CAN BE CHANGED BY PROGRAM 
C 52 T/NUMBER-FIXEO 
C 
INSTR=INST-i00
 
J=INSTR/iO
 
IF(J.LTol.OR.J.GT.6) J=i
 
GO TO (12,3,4,5,6),J
 
I CONTINUE
 
C 
C NARROW ANGLE SIT, INSTR=±i0
 
C 
P(i)=6HSIT NA
 
P(2)=6HRROW A
 
P(3)=6HNGLE C
 
P(4)=6HAMERA
 
P(5)=6H (CAND)
 
P(6)=200.0
 
P(7)=23.0
 
P(15)=8.E-6
 
P(i6)=P(i5)4250. 
P(21)=1.0
 
P(26)0.00i

P(27)=O.
 
P(28)=0.
 
P(29)=40.
 
P(3O)=0,.0
 
GO TO 7
 
2- CONTINUE
 
C 
C WIDE ANGLE SIT, INSTR=120
 
C 
P(i)=6HSIT WI
 
P(2)=6HDE ANG
 
P(3)=6HLE CAM
 
P(4)=6HERA
 
P(5)=6H(CAND)
 
P(6)=20.
 
PC)=5.10
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Table 6-1,5 (cont)
 
P(15)=8.E-6
 
P(16)=P(15) *250. 
P(26)=O.OOOi
 
P(27)=0,001
 
P(28)=OOio
 
GO TO 7
 
3 CONTINUE
 
C
 
C NARROW ANGLE SILICON VIDICON INSTR=13J
 
C
 
P(i)=6HSI NAR
 
P(2)=6HROW AN-

P(3)=6HGLE CA
 
P(-4)=6HMERA
 
P(5):6H
 
P(6)=200.0"
 
P(7)=23,0
 
P(16)=0°5
 
P(15)=P[i6)/250.
 
P(26)=. 05
 
P(27)=°0
 
P(28)=.50
 
GO TO 7
 
4 CONTINUE
 
C
 
C WIDE ANGLE SILICON VIOICON INSTR=i40
 
C 
P(i)=6HSI WID
 
P(2)=6HE ANGL
 
P(3)=6HE CAME
 
P(4)=6HRA
 
P(5)=6H

P(6)=20.0 
P(7)=5.0
 
P(16)=0.5
 
P(15)=P(16) /250 
P(26)=.i

P(27)=a5 
P(28)=1.
 
GO TO 7
 
5 CONTINUE
 
C
 
C NARROW SEC VIDICON INSTR=i50
 
C
 
P(1)=6HOPE 2
 
P(2)=6HOEG FO
 
P(3)=6HV CAME
 
P(4)=6HRA SEC
 
P(5)=6H TUBE
 
P(6)=50.8
 
P(7)=7'*62
 
P(15)=0,0001 
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Table 6-15 (cont)
 
P(16)=0ai 
P (26) =0 .4 
P(27):,I 
P (28) =0± 
GO TO 7 
6 CONTINUE
 
c
 
C WIDE SEC VIOICON INSTR=I60
 
C 
P(i)=6HSEC WI
 
P(2)=6HDE ANG
 
P(3)=6HLE CAM
 
P(4)=6HERA
 
P(5)=6H
 
P(7)=i.524"
 
P(6)=10i6
 
P(15)=0.0001
 
.P(16)=0.01
 
PC26)=.i
 
P(27)=0.Gi
 
P(28)V0.001
 
CONTINUE
 
P(8)=OO
 
P(9) = 085
 
P(10)=1o60
 
P(i1)=160
 
P(12)=800*
 
P(13)=800*
 
P(14)=8.0

P(17)=300*
 
P(18)=100,0
 
P(19)= 50o0 
P(20)=i0.0
 
P(21) = 1.0
 
P(22) = 1.0
 
P(23)=i.
 
P(24)=i.O 
P(25)=-i.0
 
P(29) =40.
 
P(30) = 0.1
 
P(3±)=-i.5
 
P(32)=i.5
 
P(33)=15.0
 
P(34)=iOOOOOOOO . 
P(35)=0.0
 
P(36)=47400.
 
P(37)=100.
 
P(38)=P(14) 'P (±2)* P(13)
 
P(39)=4.
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Table 6-15 (concl)
 
C OVERLAYS SYTEM VALUES WITH USER INPUTS
 
DO 77 I=3i,35
 
IF(ITEST(I).EQ.i) P(I-30)=TVNANE(I-30)
 
77 	CONTINUE
 
DO 8 I=36970
 
IF(ITEST(I).EQ.±) P(I-30)=XZ(I)
 
8 	CONTINUE
 
P(.40) =P (33)
 
P(41)=P (6)/P(?)
 
P(42)= ((P(S)/P())**2)
 
P(43)=(6.71E-05)/P(7)
 
P(45)=2.*ATAN(P(±±)/(2.*p(b)))*18tOPI
 
P(44)=2,.ATAN(P(10)/,(2. P(6))) i8o./PI
U=P(10 / (P (12)*P(6))
 
V=COS(P(44))**2
 
P(46)=ATAN(U/(I.-2.4(U*42)) )
P(47)=ATAN(U* V/(io-2.*('(U' V)* *2 ))
 
U=P (li) /{P (13)* P (6)) 
V=COS(P (45))*''2
 
P(48)=ATAN(UV/(i;-2;,((U'V).'2)))
 
- P(49)=P(i4)*P(i2)*P(13)
 
P(50) = P(49)/P (29)
 
P(51)=P(4i)/SQRT((i.-iP(42))*P(9).)
 
P(52)=P (5±) 
DO 40 I=i,5
 
40 TVNAME(I)=P(I)
 
DO 10 I=53,60
 
±0 	P(I)=O.
 
WRITE (6,1040) TITLE
 
WRITE(6,iOiO) (P(I) ,1=5)
 
00 20 I= 6,40 
IF(ITEST(I+30).EQI) ,WRITE(6,i0O?0 TVAR(I-5) P(I)
20 IF(ITEST(I+30).NE.i) WRITE(6,±000)ITVAR(I-5) iP(I) 
00 30 I=4,60 
30 WRITE(6,i030) I,TVA (I-5) ,P(I) 
CALL FOLDER(INST)
 
CALL PICIN
 
RETURN
 
1000 FORMAT(CSX,I2,5XA6,2H= gEi5.8)

10iD FORMAT(5X ,23HTV CHARACTERISTICS FOR 15A6/)
 
i020 FORMAT(5XI2,5XA6,2H= ,E15.8,5X,iiH USER INPUT
 
1030 FORMAT(5XI2,sXA6.2H= ,EIS.8,5XIBH COMPUTED VALUES
 
1040 FORMAT(iHi,±3A6,/)
 
END
 
SUBROUTINE UNORM(VA,U)
 
DIMENSION V(3)
 
U=SQRT(V() "4 2*V(2)'42tV(3)#*2)
 
X=A/U

V(i)=X*V(I)
 
V(2)=X*V(2)
 
V(3)=X*V (3)
 
RETURN
 
END
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J = TV INSTRUMENT TYPE 
L GO TO (1,2,3,4,5,6), j 4 SI WIDE ANGLE CAMERA-
NARRO_W SEC VIDICON
_NOW ANGLE SIT CAMERA 
2D I NAROW ANGLE CAMERT 
ASSIGN CANNED VALUES TO
 
WIDE ANGLE SIT CAMERAJ P(1)' T1HRU P(7),
 
P(15), P(16) AND
 
P(26) THRU P(28)
 
7 
ASSIGN CANNED VALUES TO P(8) 
THRU P(14), P(17) THRU P(25),j 
and P(29) THRU P(39) 
iSET P (i) THRUJ
() YES P =TVNAME[5)
.XZ(35) BEEN LOADED 'C 
NO
 
WITHOVERLAY 
-XZ(36 THRU XZQO0) *YS USER INPUTS 
BEEN LOADED WITH USE IUSE NUxz(I) 
l NO. 
VALUES FOR P(40) THRU P(52) 
ARE CALCULATED FROM PREVIOUSLY 
IDEVELOPED VALUES FOR P(6) THRU P(39) 
SET TVNM4E = P(1)
 
THRU P(5) FOR CANNED
 
NAME
 
I
 
Fig. 6-15 TVCHAR Flow Diagram
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SET UNUSED PORTION OF
 
P 	 - ARRAY EQUAL TO ZERO
 
P(53) THRU P(60) = 0
 
WRITE 
MISSION TITLE
 
WRITE
 
TV INSTRMENT
 
NAME
 
WRITE ENTIRE P-VALUE 
ARRAY- VALUES, ONE WORD NAME AND 
INDICATE IF VALUES ARE USER 
. NPUT OR CALCULATED 
ICALL FOLDER(INST) 
_[ECALL P CIN 
RETURNI 
Fig. 6-15 (concl) 
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6.3.16 XLIMB
 
Purpose: 	 To plot the outline of the planet disk on the
 
cone and clock angle plot.
 
Calling Sequence: CALL XLIMB 
Input/Output: 
I/0 FORTRAN Name 
I THA 
I R(3) 
I DEI 
I K 
Definition 
Half angle of planet disk (radians) 
Range, cone, and clock angle to planet 
center from spacecraft 
Inches per degree qn cone and clock 
angle plot 
Direction Index: = 1 departure plot zero 
cone angle in center; = 2 arrival plot 180 
deg cone angle in center. 
Subprograms Re4uired: SPHERE, VECTRI, SETBEM 
Approximate Storage Required (octal): 246 
Discussion: The only subroutine output is the plotted 
planet outline. 
Table 6-16 presents the XLIMB listing; Fig. 6-16 is the 
XLIMB flow diagram.
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Table 6-16 XLIMB Listing
 
SUBROUTINE XLIM
 
COMMON/PTL/THA pro(3) ,OIIK
 
DIMENSION FVL(3)
 
PI=3. 1415926536
 
RTD=57.2957795
 
DTR=O.01745329
 
THE=-PI/18.
 
STHA=SIN (R(3) DTR)
 
CTH4=COS(R(3) *DTR)
 
SPHI=SIN(R(2) 4 DTR)
 
CPHI=COS(R(2) *OTR)
 
PSI=THA
 
CPSI=COS (PSI)
 
SPSI=S IN (PSI)
 
00 81=1,37 
THE=THE+PI/18.
 
CT-HE=COS (THE) 
STHE=SIN (THE)
 
*
 AF=CTHA4CPSI4SPHI-STHA4SPSI*CTHE-CTHA SPSI*CPHI-4 STHE
 
dF=STHA CPSISP'I+ T HA*SPSI*CTHE-STHA*SPSI*CPHI*STHE
 
CF=CPStICPHI+SPSI*SPHI*STHE
 
FVL (i) =AF
 
FV.L (.2) =BF
 
FVL(3)=CF
 
CALL SPHERE(FVLFVL ,2HTO5HPOLAR,56DEGREE)
 
A=DEI*ABS(i8O.* (K-1)-FVL (2))
 
ZON-FVL (3) *DTR-PI/2.
 
X=A*COS (ZON)
 
Y=A 4SIN (ZON)
 
IF(K.c'Q.2.AND.FVL(2).LT.90.)GO TO 10
 
IF(K.EQ.i.AND.FVL(?).GT.90.) GO TO 10
 
IF(I.EQ.1) GALL POINT(X,Y)
 
CALL VECTOP(XY)
 
1O CALL SET Ba-AM(XY) 
8 	CONTINUE
 
RETURN
 
END 
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FIND SINE AND COSINE OF CONE ANGLE TO PLANET 
SIN4 & COSp
 
FIND SINE AND COSINE OF CLOCK ANGLE TO PLANET;
 
SINX &I COSA
 
FIND SINE AND COSINE OF PLANET HALF ANGLE
 
SIN & COS4
 
ROTATE VECTOR FROM PLANET CENTER TO PLANET LIMB AT
 
ANGLE e INTO SUN-CANOPUS REFERENCE FRAME 
FVL 1 = COSA COS* SIN - SINA SIN COSO - COSA SIN COS SING-
FVL 2 = SINX COSp SIN + COSA SIN' COSe - SIN SIN* COS SINe1 
FVL 3 = COS COSp + SIN SIN4 SINO
 
CALL SPHERE - TRANSFORM VECTOR FVL:
 
INTO CONE AND CLOCK ANGLES
 
IN POLAR PLOTTING COORDINATES --
A = RADIAL DISTANCE = CONE ANGLE * SCALE 
XPLOT = A - COS (CLOCK) 
YPLOT= A • SIN (CLOCK) 
N I S 
MOVE PLOTTER TO
 
XPLOT. YPLOT 
YES 
Fig. 6-16 XLIMB Flow Diagram
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6.4 Minor Subroutines Developed under Contract
 
6.4.1 CIRC
 
Purpose: 	 To plot a polygon approximating a circle on the
 
CDC 280 display.
 
Calling Sequence: CALL CIRC (R, D) 
Input/output: 
I/O FORTRAN Name Definition 
I R Circle radius 
polygon) 
(distance to vertices of 
I D Delta angle (central angle in radians) 
setting polygon side length 
Subprograms Required: LINE 
Discussion: The subroutine makes use of subroutine LINE, 
which plots a straight line from point X1 , Y1 
to point X2 , Y2. With X1 set equal to R 
COS(TH) and Y1 equal to R SIN(TH), the angle 
theta, originally set equal to zero, is in­
cremented by the delta angle, D, to produce 
the second point X2 , Y2. A line is drawn 
between the two points, X, is made equal to 
X2 and Y1 equal to Y2 and the process re­
peated until the angle TH equals 2w. Tests 
are provided to prevent plotting the circle 
outside the scale limits of the plot. 
Table 6-17 presents the CIRC listing. 
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Table 6-17 CIRC Listing
 
SUBROUTINE CIRC(RO)
 
TH=O
 
I Xi=R*COS(TH)
 
YI=R*SIN(TH)
 
.0 	 TH=THrD 
IF(ABS(Y±).GT.*2625) GO TO ± 
X2=R*COS(TH) 
Y2=R'SIN(TH) 
IF( ABS(YZ).GT.2.625) GO TO 12 
CALL LINE(XIYI±X2,'Y2) 
12 Y±=Y2
 
Xi=X2
 
IF (TH-6.2832)1091i ii 
ii RETURN 
S.END 
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6.4.2 FPCHAR
 
Purpose: 	 To assign a block of input variables to various
 
field and particles instrument characteristics.
 
Call Sequence: FPCHAR (INST) 
Input/Output: 
I/0 FORTRAN Name Definition 
I INST Instrument type index to select between variuous 
sets of canned instrument characteristics 
I XZ(97) Input characteristics 
0 - P(60) Output translation to instruments 
characteristics 
Subprograms Required: None 
Approximate Storage Requirements (octal): 206 
Discussion: This subroutine assigns two sets of canned 
values to the first ten values of the XZ 
array. One set is specifically designed to 
suit the conditions of a Saturn flyby. In 
addition, all the values are printed with an 
indication of whether the input variable 
was the result of a canned input or a user's 
input. 
Table 6-18 presents the FPCHAR listing. 
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Table 6-18 FPCHAR Listing
 
SUBROUTINE FPCHAR(INST)
 
COMMON/HEOING/TITLE(13)
 
COMMON/TNME/TVNAME(5)
 
COMMON/CHARAC/P(60)
 
COMMON/TEST/ITEST(97)
 
COMMON/XZ/XZ(97)
 
C
 
C I THRU 5 INSTRUMENT NAME
 
C 6 MAGNETOPAUSE RANGE (RADII)
 
C 7 BOW SHOCK RANGE (RADII)
 
C 8 LAT NAG POLE (DEG)
 
C 9 LON MAG POLE (DEG)
 
C ±0 INSTRUMENT SENSITIVITY (GAUSS)
 
C
 
P(i)=6HFIELDS
 
P(2)=6H AND P
 
P(3)=6HARTICL
 
P(4)=6HE INST
 
P(5)=6HRUMENT
 
IF(XZ(2).EQ.6) GO TO 90
 
P(6)=51.6
 
P(7)=65*8
 
P(8)=80.0
 
P(9)=19060
 
GO TO 95
 
90 CONTINUE
 
P(6)=63.0 
P(7)=80.3
 
P(8)=90.0
 
P(9)=O*­
95 CONTINUE
 
P(i0)=0.000002
 
IF(ITEST(i).EQ.0) GO TO 110
 
DO 100 =1i95
 
P(I)=TVNAME(I)
 
100 	CONTINUE
 
1±0 	CONTINUE
 
00 120 1=6,10
 
P(I)=XZ(I+30)
 
120 CONTINUE
 
DO 30 1i,5
 
130 TVNAME(I)=P(I)
 
1WRITE(6iO0OQ) 7ITLE
 
WRITE(6,1010) kPu1,I=,5
 
DO 140 I=6,10
 
IF(ITEST(I+30).EQoi) WRITE(6,10O) I,P(I)

IF(ITEST(It30).NE.1) WRITE(6,1030) I,P(I)
 
140 	CONTINUE
 
RETURN
 
1000 FORMAT(iH±,13A6/)
 
±0t0 FORMAT(SX,23HFP CHARACTERISTICS FOR 95A6/)

1020 FORMAT(SXI2,SX,6X,2H= ,E±5.8,5Xvi0HUSER INPUT)

1030 FORMAT(C5XI2,5X,6X,2H= ,E15.8)
 
END
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6.4.3 IRCHAR
 
Purpose: 	 To assign a block on input variables to various
 
infrared imagers.
 
Call Sequence: CALL IRCHAR (INST) 
Input/output: 
I/0 
I 
FORTRAN Name 
INST 
Definition 
Instrument type index to select between 
various sets of canned instrument character­
istics 
Subprograms Required: None 
Approximate Storage Requirements (octal): 11 
Discussion: This subroutine is a dummy one at the present 
time and only returns control to calling pro­
gram when called. 
Table 6-19 presents the IRCHAR listing. 
Table 6-19 IRCHAR Listing 
SUBROUTINE IRCHAR(INST)
 
COMMON/HEDING/TITLE (13) 
COMMON/CHARAC/P (60)
 
RETURN
 
END
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6.4.4 NOCHAR
 
Purpose: 	 To assign a block of input variables to the
 
instrument characteristics array when no in­
strument is being used, for example, in a
 
planet occultation mission.
 
Calling Sequence: CALL NOCHAR (INST) 
Input/Output: 
I/0 
I 
FORTRAN Name 
INST 
Definition 
Index to assign various possible future 
uses of the routine. 
Subprograms Required: None 
Approximate Storage Requirements (octal): 11 
Discussion: This subroutine is a dummy one at the 
present time and only returns control to 
the calling program when called. 
Table 6-20 presents the NOCHAR listing. 
Table 6-20 NOCHAR Listing 
SUBROUTINE NOCHAR(INST) 
COMMON/HEDING/TITLE (13) 
COMMON/CHA(AC/P (60) 
RETURN
 
END
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6.4.5 OUTS 
Purpose: To print data computed by the program for a 
specific TV frame. Most of the outputs are 
printed without conversion by the subroutine. 
Calling Sequence: CALL OUTS 
Input/Output: 
I/0 FORTRAN Name Definition 
I/0 TITLE Mission title (78 Characters) 
,I/0 IPCN Picture number 
O ICK(3) Time from periapsis in days, hours, and minutes 
I/O TJDV Julian date of .picture 
I/O PLNAME Planet name 
O SATNAM Satellite name 
I/O R(3) Range, cone, and clock of planet from S/C 
I/0 RSAT(3) Range, cqne, and clock of specified satellite 
I/O PHASED. Phase angle of planet (deg) 
I/O PHASEP Phase angle 9f specified satellite (deg) 
I/O HANG2 Angle subtended by planet (deg) 
I/0 SAF'(8) Half angle of al satellites (deg) 
I/O RES Resolution at specified'location (km/pixel) 
I/O REC(9) Resolution of sub-S/C point (km/pixel) 
I/O REL(9) Resolution at limb (km/pixel) 
I/O SPSMR Smear due to relative velocities '(km/sec) 
I/O SPSMRS Smear due to S/C attitude rates (kin/sec) 
0 SMRKM Object motion for. all sources (km) 
I/O SPSMRR 'Number of pixels smeared 
O TSMRMS Exposure time for one-half pixel smeal (millisec) 
O RESSMR Effective resolution with smear at specified location 
O RECSMR Effective resolution with smear at sub-S/C point 
0 RELSMR Effective resolution with smear at limb 
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1/ TVNAME Instrument title (30 characters) 
0 
i/O 
I/0 
TEXP 
POWLN 
POWER 
Exposure time (millisec) 
Power density (ergs/cm2/sec) 
Power density (ergs/cm2/sec) 
at lens 
on sensor 
I/0 ENERGY Exposure (ergs) 
1/O PERCT Percent of dynamic range for exposure 
I/0 NDN Digital number of exposure 
I/0 IND Total number of available levels 
I/0 EPERDN Exposure per digital number at exposure level 
I/0 P(60) Output is the four resolution levels P(17), P(18), 
P(19), and P(20) 
I/O PICS(4,9) Number of pictures with resolution better than four 
levels for planet and eight satellites 
0 ISAT Satellite number 
I/0 XRCC(3,8) Range, cone, and clock angles for satellite from S/C 
0 PEASEZ Phase angle of unspecified satellites (deg) 
I/0 SSVC8 Phase angle of all satellites (deg) 
Subprograms Required: PSCONS, TCONV 
Approximate Storage Required (octal): 1242 
Discussion: The sole purpose of the routine is to print 
out a set of variables previously calculated 
by other parts of the program. For the most 
part, the routine accomplishes this without 
further processing of the output data. The 
data handled in this fashion are shown with 
an I/0 indication in the table above. Sev­
eral outputs are processed; however, the vari­
ables, ICK(3), TEXP, and PHASEZ represent 
simple changes in unit sizes. SATNAM and 
ISAT originate within the routifie while the 
variables SMRXM, TSMRMS, RESSMR, RECSMR and 
RELSMR are new variables that are simple 
combinations of input ones. 
Table 6-21 presents the OUTS list.
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Table 6-21 OUTS Listing
 
SUBROUTINE OUTS
 
COMMON/RAZOR/PICS(499),SPPICS(4)
 
DIMENSION SATNAM(2) ,SATELL(2)

COMMON /PLCONS/GMSGMPL (12) ,RSRPL(i2),SNAME(2) ,PLNAME(2,12),

X PV(3),PLPV(3,i2),SVE(3),PLVE(3,±2)SROTPLROT(12),SOBLPLOBL(2)
 
COMMON/POBEAR/SSV(8),SAF(8) HANG2,CNCLK(8)

COMMON/HEDING/TITLE(i3)
 
COMMON/TNM/TVNAME(5)
 
REAL JDV
 
DIMENSION ICK(4)
 
COMMON/JDAYS/TJDVpTT
 
COMMON/FOROUT/POWERENERGYPERCTIDR(3),RSAT(3),RADi(3),IPCN
 
XFRACTPHASEDPHASEP ,POWLNNONEPERDN
 
COMMON/FLAGS/IFLTvIFLPL, IFLPR
 
COMMON/CHARLIEINCODENREC ,IPIVSNSCIFLSTNCB
 
COMMON/FLYBY/DUMI(5)gX(3)9OUM2(9)

COMMON/HANDO/TIMIREC(9),REL(9),RESSMR(9),SMRR(9),SMRS(9),TSMR(9)
 
XSPSMRSPSMRSjSPTSMRSPSMRR
 
COMMON/PHASER/PHASE(8),XRCC(3,8)
 
DIMENSION NS(9)
 
COMMON/CHARAC/P(60)
 
DATA NS/O,,192 v4,7,5,1,o/
 
DATA IFP/O/
 
C
 
C OUTS-2 
 OUTS-2
 
C
 
CALL TCONV(ICKSHCLOCKgABS(TT),3HSEC)
 
CLOCK=ICK(1)
 
CLOCK=SIGN(CLOCKTT)
 
ICKCI)=CLOCK
 
WRITE(6,i00i)TITLE
 
WRITE(6,±OOO)IPCN,(ICK(I),I=i,3) ,TJDV
 
CALL PSCONS(SATNAM,4HNAMEIVSIP)
 
WRITE(6,iOiO) PLNANE(LIP),.PLNAMEcaIP),SATNAM
 
WRITE(6,1020) (R(I)qRSAT(I),I=j3)

WRITE(6,i030) PHASEDPHASEPHANG2,SAF(IYS)
 
IF(NCB.EQ.1) GO TO 100
 
WRITE(6,i040) PLNAME(1,IP),PLNAME(2,IP),RAD±(2),RADI(3)
 
GO TO L10
 
100 	WRITE(6,1045) SATNAM
 
1±0 	CONTINUE
 
WRITE(6,1060) RESREC(i),REL(i)
 
SMRKM=SPSMRR * RES
 
RESSMR=SMRKM + RES
 
RECSMR=SMRKM + REC(i)
 
RELSMR=SMRKM + REL(U)

WRITE(61070) SPSMRSPSMRSSMRKMpS'SMRR
 
TSMRMS=SPTSMR'i .E+3
 
WRITE(6,i080) TSMRMS
 
WRITE(6,i08J) RESSMRRECSMRRELSMR
 
TEXP=P(26)*i.E 3
 
WRITE(691090) TVNAMETEXPPOWLNPOWERENERGY
 
WRITE(6,iO9±) PERCTNDNINDEPERDN
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Table 6-21 (cont)
 
NSP=NS (IP)
 
WRITE(6,3000) (P(I),I2.7,20)
 
WRITE(6,3010)(PICS(I,),I=i,4)
 
NSP=NSP+i
 
DO 300 J=2NSP
 
ISAT=J-i
 
300 	WRITE(63020)ISATv(PICS(IJ),Ii4)
 
NSP=NSP-i
 
WRITE(5,5000)
 
WRITE(6,5010)
 
DO 500 I=iNSP
 
PHASEZ=PHASE(I)*(i80./3.i4i59)
 
500 	WRITE(6,5020) IXRGC(iI)pPHASEZ ,XRCC(2,I),XRCC(3,I)
 
WRITE(6,5070)
 
DO 530 I=iNSP
 
CALL PSCONS(SATELL,4HNAMEI ,IP)
 
530 WRITE(6,5040) ISSV(I),SAF(I)
 
NSP:NSP+i
 
WRITE(695030)
 
DO 510 I=2,NSP
 
NST=I-i
 
510 WRITE(6,5040) NSTREC(I),REL(I)
 
WRITE(695060)
 
DO 520 I=2,NSP
 
NST=I-I
 
520 WRITE(6B5050) SMR(I) ,SMRS(I),SMRR(I),TSMR(I)
 
RETURN
 
i000 FORMAT( 5X915HPICTURE NUMBER 151,19Xp1396H DAYS VI2,5H HRS
 
X1297H MIN TO ENCOUNTERqiOX,3HJD ,F12.3,//)
 
±00i FORMAT(iHi,3A6,//)
 
1005 FORMAT(//5X980(iH-)//,SXI5HPICTURE NUMBER p15,qi9XqI3q6H DAYS v12,
 
XSH HRS ,I2,±7H MIN TO ENCOUNTER//)
 
1010 FORMAT{CXZHPLANET 12A6,2OXLOHSATELLITE ,2A6)
 
i020,FORMAT(5X,13HRANGE (KM) =,E±6.8,IiXi3HRANGE (KM) =,EI6.8/
 
X 5X,13HCONE (DES) =,F7.2 ,20X,±3HCONE (DEG) =F7.2 /
 
X 5X,13HCLOCK (DES) =9F7.2 ,2OX9i3HCLOCK (DEG) =9F7,2
 
1030 FORMAT(SX,13HPHASE (DEG) =,FZ.2 ,20X,13HPHASE (DEG) =,F7.2/
 
$ 5X,13HDIAM (DEG) :,F7.2 ,20X,13HDIAM (DEG) =,F7.2//)
 
1040 FORMAT(5X,27HINSTRUMENT DATA FOR PLANET ,2A6,5X,
 
$ 21H(PICTURE CENTERED AT ,F6.2,SH DEG LAT ,FJ.2,±IH DEG LONG )/)
 
1045 FORMAT(SX,3OHINSTRUMENT DATA FOR SATELLITE ,2A6/)
 
1060 FORMAT(4X,26HRESOLUTION FOR TARGET BODY ,/9
 
$ 5X,24HAT SPECIFIED LOCATION ,F8.i H KM/PIXEL / 
$ 5X,24HAT SUBSPACECRAFT POINT ,F8.i,9H KM/PIXEL / 
- $ 5X,24HAT LIMB OF TARGET BODY ,F8.iSH KM/PIXEL /) 
1070 FORMAT(SX,34HSMEAR DUE TO RELATIVE VELOCITIES ,,F8.297H KM/SEC / 
$ 5X,34HSMEAR DUE TO S/C ATTITUDE RATES ,FS.2,TH KM/SEC / 
$ 5X,34HOBJECT MOTION FROM ALL SOURCES ,F8.2,3H KM / 
$ 5X934HNUMBER OF PIXELS SMEARED ,F8.5,7H PIXELS /)
1080 FORMAT(4X,39HEXPOSURE TIME FOR ONE-HALF PIXEL SMEAR ,F8.3, 
$ 9H MILLISEC //) ­
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Table 6-21 (concl)
 
108± FORMATC4X,3iHEFFECTIVE RESOLUTION W'ITH SMEAR / 
$ 5X,24HAT SPECIFIED LOCATION ,F8.1,9H KM/PIXEL / 
$ 5X,24HAT SUBSPACECRAFT POINT jFS.i,9H KM/PIXEL / 
$ 5X,24HAT LIMB OF TARGET BODY ,F8.i,9H KM/PIXEL /) 
1090 FORMAT (4Xt,8HEXPOSURE TIME FOR ,5AS,3H = ,F6.3,9H MILLISEC / 
$ 5Xqi6HPOWER DENSITY = ,E1O.4,24H.ERGS/SQ CM/SEC AT LENS 
$ 5XiGHPOWER DENSITY = ,EiO.4,26H ERGS/SQ CM/SEC ON SENSOR 
S 5X,±6HEXPOSURE = ,E1O.4,1H ERGS/SQ CM i/) 
1091 FORMAT(SX 26HPERCENT OF DYNAMIC RANGE = ,F7.3 / ' 
$ 5X.26HDIGITAL NUMBER OF EXPOS = ,14,4H (OFI4,8H LEVELS)/ 
$ 5X,26HONE DIGITAL NUMBER EQJALS ,E10.4IZ2H ERGS/SQ CM /I) 
3000 FORMAT(4X,46HNUMBER OF,PICTURES WITH RESOLUTION BETTER THAN 
$ .5XITHRESOLUTION LEVELS ,3XC4(F5.IjiOX) ,9H KM/PIXEL /) 
3010 FORMAT(5XO6HPLANETviiX,4(FiO.iSX)) 
3020 FORMAT(SX,.iOHSATELLITE ,II,9X,4(FiO.45X)) 
5000 FORMAT(iH±)
 
5010 FORMAT( 5X14HSATELLITE DATA//1X3HNUMSXviOHRANGE (KM),iOX,
 
X11HPHASE (OEG),4XIOHCONE (DEG)95X,±1HFILOCK (DEG)/)'
 
5020 FORMAT(BXI±,4XEI5. 8,6XF7.2,OXFT.2, 8XF?.2)
 
5030 FORMAT( /5X,39HRESOLUTION (KM/PIX) DATA FOR SATELLITES
 
X,TX,3HNUM93X23,HRES ALONG RADIUS VECTOR,12X,2iHRES AT SATELLITE LI
 
XMB/)
 
5040 FORMAT(BXIiSXEiS.8920XEi5.8)
 
5050 FORMAT(4(5X ES.8))
 
5060 FORMAT( /,5X,26HSMEAR DATA FOR SATELLITES /
 
X5Xt12HSMEAR DUE TO p8X,12HSMEAR DUE TO,±OXO9HNUMBER OF,9X913HTIME 
X TO SMEAR/ 
XSX,±2HVEL (KM/SEC)9OBXtI2HS/C (KM/SEC)pDSXi4HPIXELS SMEARED,6X, 
XLSH1/2 PIXEL (SEC)/) 
5070 FORMAT( /,7X,3HNUMYX,917HEARTH-SAT-S/C ANG v 
$ i7X,iSHSATELLITE ANG DIAM/) 
END 
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6.4.6 	 SCROT
 
Purpose: 	 To provide spacecraft rotation rates from a set
 
of canned values or from user inputs.
 
Calling Sequence: CALL SCROT (ROT W)
 
Input/6utputf
 
I/0 FORTRAN Name 	 Definition
 
Two 	sets of canned S/C rotation rates
ROT(6) 

(deg/sec)
 
I XZ (19) 	 User input X axis rate (deg/sec) 
I XZ(20) 	 User input Y axis rate (deg/sec)
 
I XZ(21) 	 User input Z axis rate (deg/sec)
 
0 ROTW(3) 	 Spacecraft rotation rate vector (radians/
 
sec)
 
Subprograms Required: None
 
Approximate Storage Required (octal): 101
 
Discussion: None:
 
*le 6-22 presents the 	SCROT listing.
 
Table 6-22 SCROT Listing
 
SUBROUTINE SCROT(RDTW)
 
COMMON/XZ/XZ(97)
 
DIMENSION ROT(6),RDTW(3)
 
DATA ROT/.0i.01 i.0i.Qo±.01,90o/
 
DATA PI/3.i4159/
 
NS=XZ(iS)
 
IF(NS.LT.C) NS=O
 
NS=NS+i
 
GO TO (L2,333)NS
 
i DO 5 I=1,3 
=	 8 0 °
 5 ROTW(I) ROT(I)4(PI/i )
 
RETURN
 
2 00 6 1=4,6
 
6 ROTW(I-3)=ROT(I)*(PI/i80.)
 
RETURN
 
3 DO 7 I=13
 
7 ROTW(I):XZ(Iti8.)*(PI/180°)
 
RETURN
 
END
 
6-128
 
MCR-71-181
 
6.4.7 	UVCHAR
 
Purpose: To assign a block of input variables to various
 
ultraviolet spectrometer characteristics.
 
Call Sequence: CALL UVCHAR (INST)
 
Input/Output:
 
I/O FORTRAN Name Definition
 
I INST Instrument type index to select between
 
various sets of canned instrument char­
acteristics
 
Subprograms Required: None
 
Approximate Storage Requirements (octal): 11
 
Discussion: This subroutine is a dummy one at the present
 
time, and only returns control to calling
 
program when called.
 
Table 6-23 presents the UVCHAR listing.
 
Table 6-23 UVCHAR Listing
 
SUBROUTINE UVCHAR(INST) 
COMMONHEDING/TITLE(13) 
COMMON/CHARAC/P (60) 
RETURN
 
END 
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6.5 Plottifig Conversion Subroutines - During development of
 
the model, the use of certain system plotting routines was neces­
sary for operation on the CDC 6500 computer. A group of simple
 
subroutines was written, which performed the same plotting func­
tions, using a second group of system plotting subroutines pecu­
liar to the plotting operation of the UNIVAC 1108 computer. A
 
brief description of these subroutines is given below:
 
6.5.1 ABSBEM
 
Purpose: 	 To position the plotting beam in absolute units.
 
A value of 1.0 represents either the top or the
 
right edge of the plotting area, while a value
 
of 0.0 represents either the bottom or the
 
left side of the plotting area. The X and Y
 
arguments in the calling sequence are the co­
ordinates of the plot beam after the call.
 
Calling Sequence: CALL ABSBEM (X, Y)
 
6.5.2 CHAROP
 
Purpose: 	 To determine the print size and orientation of
 
the plotting annotations that follow the call.
 
In the argument list, DUM refers to unused dummy
 
arguments. ISIZE is an index of the character
 
size,' where:
 
- 0 provides miniature type; 
1 provides small type; 
- 2 provides medium type; 
- 3 provides large type. 
IOR is an orientation endex with a value of 0
 
giving horizontal orientation, and a value of 1
 
giving v@rtical orientation.
 
Calling Sequence: CALL CHAROP (DUM, DUM, ISIZE, IOR, DUM)
 
6.5.3 LINE
 
"
 Purpose: 	 To plot a line from point X1 , Y1 to point X2 , Y2
 
Calling Sequence: CALL LINE (Xl, Yl, X2, Y2)
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6.5.4 MAP
 
Purpose: 	 To establish a correspondence between the user's
 
coordinate system and the SC-4020 raster array.
 
The arguments X)MIN,, XMAX; YMIN, and YMAX are 
the extreme values expected to be plotted in 
the user's units. 	The arguments XMI, XMA, YMI,
 
and YMA are the absolute -units of the plot with
 
the point 	XMI, YMI describing the lower left
 
hand corner of the 	plot and the point XMA, YMA
 
the upper 	left corner.
 
Calling Sequence: 	 CALL MAP (MIN, XMAX, YMIN, YMAX,
 
XMI, XMA, YMI, YMA)
 
6.5.5 MAPS 
Purpose: 	 To -providethe same scaling function as MAP,
 
but also to provide a frame around the plot
 
marked with appropriate numerical values and
 
tick marks.
 
Calling Sequence: 	 CALL MAPS (XMIN, XMAX, YMIN, YMAX, 
XMI, XMA, YMI, YMA) 
6.5.6 MAPSSL
 
Purpose: 	To provide the same functions as MAPS, except
 
that the X-axis has a semilog scale instead
 
of a linear one.
 
Calling Sequence: 	 CALL MAPSSL (XMIN, XMAX, YMIN, YMAX, 
XMI, XMA, YMI, YMA)
 
6.5.7 POINT
 
Purpose: To plot a point at a given position. The argu­
ments X and Y are the position of the point in
 
the user's units set up by a preceding call of
 
MAP, MAPS, or MAPSSL.
 
Calling Sequence: 	 CALL POINT (X,Y)
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6.5.8 SETBEM
 
Purpose: 	 To position the plotting beam with respect to
 
the user's coordinate system. The arguments
 
X and Y are the point at which the plotting
 
beam is positioned.
 
Calling Sequence: CALL SETBEM (X,Y)
 
6.5.9 SYMBOL
 
Purpose: To annotate the plot with a group of Hollerith
 
text. The argument MH.... $. is a Hollerith text
 
of M characters. The last two characters must
 
be $., which are not printed but do indicate
 
the end of the string to be printed.
 
Calling Sequence: CALL SYMBOL (MH.....
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